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PREFACE. 

Investigations connected with the River Damoodah having already- 
been published in Selections from the Rec^ords of the Bengal Government, 
No. XL., the Lieutenant-Governor considers it will be useful for 
future reference as well as interesting to the general reader to complete 
the series by a compilation of the papers connected with the Damoodah 
Canal Project, so that when the scheme which the Supreme Government 
has ordered to be temporarily suspended is taken up again, all the neces- 
sary information concerning it will be found in the following pages. 
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DAMOODAH CANAL PROJECT. 


Prom Micssrs. P. Schiller, A. T. T. Peterson, andP. A. Goooenougii, 

to tlic (iovernmcnt of Bengal, — (li9th June 18G6.) 

Tlic inability of tlio East Inilian Railway Company to meet 
tlic requirements of tlie public, and more especially of the rapidly in- 
creasing coal trade, has become so patent that we foresee considerable 
difficulties in the future for the coal interest which, by the opening of 
the East Indian Hallway Chord Line, will rather be increased than 
diminished. In these circumstances our attention has been drawn to 
the feasibility of constructing a canal to cjuncct the coal fields of 
Rancegungc with the Hooghly. We believe that not only is such a 
scheme })racticablc, but that whilst the coal tirade would be no longer 
jeopardized, it woidd otherwise greatly tend to insure the prosperity of 
the c(uintiy through which it would have to X)ass. 

!Much of tlie land required for the canal in the ncighhourhood of 
llaiiecguugc actually belongs to colliery proprietors, who would gladly 
make it available for the proposed purpose, and lower down the chief 
owners arc the Maharajah of Burdwan and Baboo Joy Kissen Mookerjee, 
who, wo believe, would both cordially co-operate in the scheme. 
Small sections of land may, however, have to be taken up, as provided 
by law, and we presume G overnment would not object to allow this to 
be done under the provisions of Act VI. of 1857, which is the only 
concession which we solicit, together with the sole right of construct- 
ing the canal. The cost of the canal is roughly estimated at one crore 
of Rupees, and the time of construction at three years. 
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AVe would tlicrefore ask Government to grnnt to us the sole right 
of constructing this canal, upon the condition of our raising the neces- 
sary capital for its construction within three years from the date of 
such concession, and we would also engage that, as soon as the eapital 
is raised, the work be completed within six years from that time. 


From the Government of Bengal, to the Government of India, — (23rd 

July 180G.) 

1 am directed to forward, for submission to the Government 
of India, a copy of a letter from Messrs. F. Schiller, A. T. T. Peterson, 
and F. A, Goodenough dated the 29tli June last, containing a proposal 
for the eonstriK^lion of a canal to connect the coal fields of Ranee- 
gunge with the Hooghly. 

2. The Lieutenant-Governor would recommend that, if the pro- 
jectors submit a scdiemc for a canal for irrigation and navigation from 
the Uamoodali River above Ranccgiingc to the Hooghly, which shall 
he approved by the Government, and agree to such a tarifl' of tolls and 
water-rates as the Govcnirncnt shall approve, the exclusive privilege 
they ask for should he conceded to them, and the land for the canal 
taken up under Act VI. of 1857 at the expense of the lu’ojcetors. 


From the Government of Bengal, to Messrs. F. Schiller, A. T. T. 

Peterson, and F. A. Goodenough, — (23rd July 18GG.) 

Your letter dated the 29tli ultimo containing a i)roposal for 
the excavation of a canal to connect the coal fields at Raueegunge 
with the Hooghly River has this day been submitted to tlic Govern- 
ment of India in the Public Works Department, with the Licutenant- 
Governor^s recommendation that, if you submit a scheme for a canal 
for navigation and irrigation from the lliver Damoodah above Ranee- 
gunge to the River Hooghly, which shall he approved by the Govern- 
ment, and agree to sucli a tariff of tolls and water-rates as the Govern- 
ment shall approve, the exclusive privilege you ask for should be 
conceded to you and the land for the canal taken up under Act VI, of 
1857. at your expense. 
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From tlic Government of India, to the Government of Bengal, — (Simla, 

15th August I8G6.) 

I am directed to acknowledge receipt of your letter No. 2873 
dated 28rd July 1806, regarding the proposed construction of a canal 
to connect the coal fields of Raneegunge with tlic River Ilooghly. 

2. In reply, I am directed to state that the Governor General in 
Council is disposed to consider favorably any project for a navigable 
cjuial with this view, and would be glad to see such a project encourag- 
ed under Act XX 11. of 1SG3. 

3. The question of combining irrigation with navigation in such a 
canal, as suggested by the Lieutenant-Governor, is one which must 
dc[)cnd in great measure on tln^ view's of Her Majesty^s Government on 
the reference which has been made to it as to the agency by which works 
of irrigation should be constructed. 

4. His Excellency in Council believes that Captain Garnault, u. e., 
was emidoyed for a considerable ])eriod in investigating the capabilities 
of the upper basin of the Damoodab for tlic formation of reservoirs, 
with the view of checking tlie floods and of feeding irrigation (canals, 
but no final re])ort on the subject lias been recteived ; and IJis Excel- 
lency in Councjil will be glad to kmnv wdiat progress has been maLle in 
drawing up a project for irrigation from this river. 

5. The ])romotcrs of tlic present scheme slionld ho informed of 
the state of the ease as regards the prospect of irrigation works, which 
may ultimately, more or less, affeet their j>roject, and also that the East 
India Irrigation and Canal Company have offered previously to con- 
sti’nct canals in this region, and may again juit forward their claim 
under the provisions of Act XXII. 

G. The East Indian Railway Company may also have to be satis- 
ficed Unit the project can be carried out without detriment to their trade 
or risk to their line and works. 

7. These points will all doubtless be disposed of in due course if 
the pi’omotcrs will proceed as required by the Act indicated. 
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From the Government of Bengal, to Messrs. P. Schiller, A. T. T. 
Peterson, and F. A. Goodenough, — (27th August 1866.) 

In continuation of my letter No. 2871 of the 23rd July last, 
intimating tliat your proposal for the excavation of a canal to con- 
nect the coal fields at Eaneegunge with the Hooglily River had been 
submitted to the Government of India in the Public Works Depart- 
ment, I am now desired to state that the Lieutenant-Governor is in- 
formed that Ilis Excellency the Governor General inCouncil^^isdis- 
posed to consider favorably any project for a navigable canal with 
this view, and would be glad to sec such a project encouraged unQer 
^^Act XXIL of 18G3/" 

2. The Government of India has further remarked that — 

“ The question of combining irrigation witli navigation in such 
a canal, as suggested by the Lieutenant-Governor, is one which 
^^must depend in great measure on the views of Her Majesty^s Go- 
‘Wernment on the reference which has been made to it as to the 
agency by which works of irrigation should be constructed. 

The promoters of the present scheme should be informed of tlic 
state of the case as regards the prospect of irrigation works, which 
^‘may ultimately, more or less, allect their project, and also that the 
East India Irrigation and Canal Company have offered previously 
to construct canals in this region, and may again put forward their 
claim under the provisions of Act XXII. 

The East Indian Railway Company may also have to be satisfied 
that the project can be carried out without detriment to their trade 
or risk to their line and works. 

These points will all doubtless be disposed of in duo course if 
the promoters will proceed as required by the Act indicated.^^ 


MEMORANDUM 

Lieutenant-Colonel W. D. Short, b. e., Super mfendhiy Engineer^ 
Presidency Circle, on the Report o/ Lieutenant II. W. Garnault, r.e., 
'on the Exploration of the Upper Reaches of the Riocr Bamoodah, 


The expedition was undertaken to explore the upper reaches of the 


Object of exploration of npper reaches 
of Damoodali to discover sites Jor reservoirs 
Vk herein to store excess flood which nowin 
extra4)rdinary seasons inundates a rich cul- 
turable tract of 3fi0 squarie miles, situated 
on right b»nk in lower refurhos of river. 


Damoodali and its tributaries with the 
view of discovering sites on the latter, 
suitable for reservoirs, wherein to store 
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the excess flood which the existing single channel of the river in its 
lower reaches cannot pass and which excess now finds vent hy 
spilling freely over some 25 miles of the right bank, wherel)y, iii a 
season of extraordinary flood, about 360 square miles of country are 
inundated. The permanent security, therefore, of this extensive area is 
the great object sought for. 

Map of the basin of the Damoodah and Barrakur Rivers. 

2. The undermentioned Drawings, 
Drawings submitted to elucidate report. t i i vi 

eJucidating the report, are here with 

annexed : — 

Longitudinal Section of the Damoodah from Eamgliur to its junc- 
tion with the llooghly River. 

Cross Sections of the Damoodah at several localities above j^oint 
where the Bunakur River falls into it. 

Map shewing the sites of the reservoirs selected. 

3. Owing to various causes Lieutenant Ganiault was delayed at 

Burdwan until January 1804, thereby 

Numerous cbita collect'd b}' luoutmaiit _ , ^ ^ 

Oanmult,'!*. Ji., under dimcullies, within a loSlllg SOmC lllOUl llS of tllC field SCaSOll 1 
bhurl jjoxnod. ^ ^ 

but bad he traversed the country 
earlier, or before it bad been drained, it would have doubtless proved 
unhealthy. ITowt ver, during tlic two and a half monlbs he was absent 
lie actually took a longitudinal section of the Damoodah from the moiuli 
of the great tributary, 1 he Burrakur, to Ramghur, a distance of 100 
miles, also thirteen cross sections, reconnoitred several of the tributaries 
and discovered suitable sites for four reservoirs. 

4. Considering the great difliculties attending sin*h operations in 

so wild a tract of country, I am of 

Tntolligonce, energy, and pcrsoTopanco •• AliX’i. 

evinced in exploration deserving of lU’ttiso. OpilllOll tiiat JjlCUtCliant Oariiault IS 

deserving of much praise for the 
intelligence, energy, and perseverance evinced in meeting the orders of 
Government. 

5. The springs of the Damoodah arc situated at Toree, about 

^ 50 miles south-west of Hazarechaugh 

Position of lioad springs of Domoodah aad l /in ^ j o -r» » 

general course of river to itB mouth, aUtt niliCS nortn-Oast 01 RancIlCC, 

whence the course of the river is neaily 
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due east fot a length of about 270 miles, when it suddenly turns duo 
south, and in a further course of 68 miles falls into the Ilooghly about 
5 miles above the mouth of the River lloopnarain. 

6, From the configuration of the country the tract within which 

sites for reservoirs can alone be met 

Silos suitable for reservoirs litniled to • -i • • i ^ p tt 

boundary of Uuzareeban{;li District owing With IS WlthlU tllC dlstrict of IlaZai’Ce- 
to conllguration of country. 

baiigh, that is, west of the Jumooncah 
tributary the boundary of the district, which is about 132 miles below 
the springs of the Darnoodah. The country through which the river 
flows in that length is hilly, covered with dense jungle, very little 
l)opulatcd,* indeed but a few villages exist of the poorest description, 
consisting of two or three Soiithal huts, with no supply of water, and 
tlie bare necessaries of life obtainable with diffit^ulty from great distances, 
all which drawbacks have to be considered when treating of the forma- 
tion of reservoirs even when suitable sites have been found. 

7. The principal tributaries to west of Ramghur are the Cdiim^lroo 

or Gurhee and the Ilaharoo wliicli fall 

The iirincipal tributaries of tlic Darnoodah. 

into the river on the northern or left 
bank, and the Suphee on the southern or right bank ; and below Uam- 
ghur arc the Konaree and Jumooncah on the left bank. All the above 
arc situated within the llazarcebaugh District. East of the Jumooncah 
the Khatree is the only tributary of importance on the left bank above 
the liurrakur, and on tlie right bank the Gnrgce and Gowaic, These 
tributaries with numerous minor ones drain the country bordering the 
river along 177 miles of its course or to mouth of the liurrakur, whi('h 
is the great tribuiary, the freslies in whieli being ever simultaneous 
with those of the Darnoodah cause the high inundating Hoods in the 
lower reaches. Below the mouth of the Burrakur to the point where 
the Darnoodah is first embanked on left bank, some 60 miles, tbe 
Noonia, Singarun, and Tumlah are the only tributaries, and* these drain 
a portion of the Poroolca and Burdwaii Districts to the north of tlie 
Grand Trunk Road. Below the head of the protective works on the left 
bank there are no tributaiics, the drainage of the country taking an 
easterly course and finding vent into the Hooghly. The only tributary 
on* the left bank below the Burrakur is the Salec River, which takes its 
rise near the Susinea Hill, some 15 miles south of Raiiccgungc, and 



{ 7 ) 

passing Sonamookhce falls into the Damoodah about 15 miles above 
Ilurdwan. 


8. The description given of the fealnres of the channel of tlie 

Damoodah in the 13th to 23rd para- 

(lonoral iVaturos of the channel of river l r ji j • a • x 

throughout ita course. graphs of ilio Tcport IS most interesting, 

shewing that from the head springs to 
Karnglmr, some 77 miles, tlie river flows thronnh a wild hilly country 
between steep rocky lianks and over a rocky bed, and these characteristics 
continue for some 25 miles beyond to Jiillah, where seams of coal are 
lirst extensively met with along the hank ; and here the channel first 

admits of tlie timber cut from the 
llamghiir forests being floated down 
some 20 miles to Torec, where, owing to 
the existence of rapids which extend 
for I of a mile, the timber is necessarily 
conveyed by land to Rungamuttec or 
mouth of the Jumooncah tributary a 
few miles below, and thence again floated without impediment down the 
river. From the Jumocneah to Tasra (which is situated just below the 
mouth of the Oowaie — the last tributary above the Burrakur), about 
40 miles, the banks continue to be high and rocky, the bed of rock and 
sand; but beyond, the rock in bed disappears, the banks are less bold 
alotig some 25 miles to mouth of the Burrakur; cast of which the bed 
is broad and sandy and the banks low and alluvial. 


Som<' 1 (lO luilon (Vom hosul Bprings niul 25 
ln'low lOiuigltur, chaiiuel liivst ndinila of tiui- 
Ik'!' luMiig tloiiC'il, and .scaiud of coal arc met 
'with along bajili. 


Tln]‘i(ls at Toroo ij of mile in extent; 
iinj)otlimenl (o iia.sHJigc of timber. 


Bolow rapids the limber again floated 
down the river. 


9. According to the great Trigonometrical Survey calculations, 

the mean sea level is 11 '63 above sill 
Datum assumed. Howrali Dock, aiul this datum has 

been assumed ; indeed it is to this that all the levels taken, or about 
to be, in the several Divisions west of Calcutta, have been directed to 
be reduced. 


10. From the head springs of river to Kamghur, some 77 miles, 

the fall is assumed at 6 to 8 feet per 
mile, and probably it exceeds this. 
Between Ramghur at 260th mile and 
Gunkce in 218th mile the fall in bed is 6*50 per mile. 
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mile. 

Between the 218th & 211th mile the fall is 17 '5 
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33 
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33 
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foniuM'ly nlbivved of the transport of heavily 
laden coul bouts. 

33 

48th 

33 

24thD „ 

33 

0-5 


3i 

24th 

33 

Ilooghly Biver 
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11. Thus it will be seen that for some 12 miles below Ramghur the 

nature of the channel admits of timber 

Thft fall in nloncf first 132 miles of l ^ 4 .^ 11 2 . r lo *1 

Diuuoo<i:ih<<K.un*at to admit of timber bciuj^ tloatcd dowu, but lor Id milos 

lu'in}; safely llouted d<»wn. Tramway to con- « iji 

neet river* bunk with Grand Ti’unk Ituud bcyond tlie UVera^C fall IS 1 1*2 pOT 

^ ^ mile. Below this rapid, advanta<vo 

is taken aloiij^ 21 miles of a.fall of only 5*87 per mile to float down timber 
when tlie ^^rcatest rajhd in the channel is met with, having a fall of 
32''19 feet per mile along* a course of 3 miles, which necessitates land 
transport, so that the portion of the channel situated witliiii tlie Ilaza- 
roebaugh District, sonic 132 miles from head of river, is at present 
unsuited even to Ihiat timber. Arrangements should therefore he made 
to connect tlie Dainof dah east of the Jumooneah tributary with the 
Grand Trunk Road by a tramway to facilitate transport operations. 


12. Good judgment was exercised in the selection of the loca- 

Oood judgment siiow'n in soloction of iioints HticS VvlieiCtlt ClOSb Si’CtioilS of the 
for taking cross sectioua. ^ 4. i , • *11 /* 

river were taken, especially of 
Nos. 1, 4, and 8, and the facts to be deduced from the examina- 

Cross section at Kamghur, 77 miles from tioU of theS0 data Will h© mOst Valuable, 
source, aiiords good data. Ramghiir (No. 1) 77 miles from 

its source the river in the great flood of September 1863 flowed duriii<>* 
two and a half days between the rocky banks GOO feet broad and IS 
feet deep, draining some 1,300 square miles. At section No. 3, taken 
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at 55 miles below the above, the flood line was only 500 feet broad and 
15 feet deep, but here the freshes are confined between a narrow gorge 
thrown back above, and the discharge can only be approximately 
calculated. Section No. 4, taken 14 miles to east and just below the 
mouth of the large tributary — the Jumooneah, shews the discharge of 

the channel at a most favorable point. 

Cross section below month of Jumooneah t • ^ ^ ^ 

tributary equally favorable wherefrom to that IS, wherC tuC TlVCr haS a mOre 
deduce calculations of discharge. 

uniform section and the bed a fall of 
only 4*5 per mile. Of all the cross sections, that at No. 8, just above 
the point where the Burrakur pours its floods into the Damoodah, 
is the most valuable record. The great flood of September 1863 stood 
850 feet broad within the rocky banks, and 20 feet deep ; the flood lasted 
three whole days, and the calculations shew that 73,713,551,040 

cubic feet of water was discharged. 

The volume discharged by the Damoodah in . _ _ _ , 

an extraordinary season above the Burrakur eCjUivalcnt tO a fall Ot 7*5 inChCS OVCr 
correctly ascertained. ^ 

the area drained, viz,, 4,200 square 
miles. The rain-fall that caused such a flood was carefully gauged at 
13 inches, and, as shewn by Lieutenant Garnault in his 33rd paragraph, 
the deduction fairly arrived at is that | ids of the fall found vent through 
the channel above the junction of the Burrakur. 


13. The rain-fall has been for some years carefully gauged at 

Hazareebaugh, and on 25th September 

The data collected of the excessive rain- n o • j -• n • -i i-^ « • i 

fall in the catchment })aain in September loOO it WHS 13 lllcheS, OT 5 Or 6 iUCuCS 

1883 ; the height and duration of the ilood; 

the exteut of country inundated carefully in CXCCSS of ailV On rCCOrd. and the 
recorded. ^ 

floods on 26th rose higher and lasted 
longer (in the lower reaches especially) than any previous flood, except 
the great one of 1823, when the rivers of Bengal appear to have in- 
undated the country to a fearful extent. We have, moreover, a very 
faithful record of the extent of inundation of 1861 submitted by Mr. 
Assistant Engineer Neuville, (who was sjieeially deputed to the duty,) 
and which report was submitted with my special letter No. 229 of 29th 
May 1862. 

14. The flood marks of 1863 have been carefully ascertained and 

shewn in the sections, so that the 

Flood discharge in September 1863 care- i i • n t 

fully calculated and recorded, and may be CalculatlOnS of dlSCharffe maV be COll- 
assumed as the greatest on record. ^ 

siderod very accurate, but as regards 
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the flood level of 1823 being 10 feet in excess of that of 1863^ owing 
to the storm-wave holding back the freshes, I consider that such could 
not have been the case, and that the excess reported is to be traced to 
native tradition, as in those days there was not the same amount of 
European intelligence available to collect accurate data. 

15. The sites selected for reservoirs, with the facilities afforded to 

store the rain-fall therein by eonstruc- 
4ort. ''' tion of dams at favorable spots, are 

fully detailed in the 37th and eight fol- 
lowing paragraphs of the report. The sites for reservoirs are doubtless 
confined to the country on left bank, the greater portion of the drain- 
age falling into channel from the north. 


16. By a reference to the ma])s on scale of 1 mile to the inch the 

Sites seleetea for reservoirs ami for for- Suitability of tllO situS Sclectcd OU tllC 

“Mimeti<in“Jdara7anTmaW^^^ Chuudroo aiid Huliaroo tributaries 

boiieavy. will be rccoguizcd, as ulso tlie facility 

for the construction of darns ; whilst the country that would be sub- 
merged is covered only with a short scrubby jungle, and eom])en,sation 
would be reepnred only for a few huts : the cost and difficulty iu con- 
structing the dams in such a wild tract of country and that for the 
maintenance of the works would be considerable. These two sites lor 

reservoirs appear to be the only ones 


Pirst two resoTvoira proposed would not 
ftll'ord uiucli relief. 


available along 110 miles of the river^s 


course, that is, as far as section No. 2 
west of the Konaree tributary, and their caj^acity would not tend to 
afford much relief. 


17. The third site for a reservoir is situated in the Bakaroo 

Channel which falls into the Konaree 
tributary. The Bakaroo**drains some 
225 square miles of country south of 
the Hazarcebaugh plateau, and facilities would be afforded to store 
Avator at the site selected. 


18. The last and the fourth site selected is on the Konaree, the 
^ largest tributary above the Burrakur. 

rWu ;pouvlh Bilo for reservoir not fully ex- rni it ’ t t n it * 

^ luvd, »)ut Hulliciently to allow that it would The tllOrOUgh CXploratlOU 01 tlUS 

leet ae^^^st auUabio. , , *=* 

, cUaunol was not effected owing to 
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Lieutenant Garna^lt^s sudden recall to his head-quarters, but the infor- 
mation collected shews that either one lar^c reservoir could bo formed 
bj damming the channel a few miles above its mouth, or several minor 
reservoirs with dams on the higher reaches. 

19. The question is to what extent these four reservoirs would 
^ ^ ^ . diminish the discharge, and the calcu- 

Tho proportion of the Damoodah flood ° ^ 

that miKht 1)0 Htored in the four reservoirs latioilS sbcw that aS rCffards tllO 
Calculated at -Sths. ^ 

Damoodah flood about -^ths of the 
volume, which now passes through the channel just above the point 
wbere the lUirrakiir falls into it, could be stored. 


^0. If the freshes in the Damoodah only had to be dealt with, there 

would be no doubt as to the advisabi- 

To lower level of combined flood of Da- ^ _ . , 

moodah and Uurrahur at lidilpore, near lltj 01 tormiUg thCSC I’CSerVOirS ; lUOre 
liurdwan, the uiuiu oljjeci:, ^ ' 

especially as several other, though 
smaller, sites could be found on a more thorough examination of the 
country, but. the ])oiiit is to what extent the formation of these would 
affect the level of the combined flood of the Damoodah and its tribu- 
tary, the Burrakiir, at Edilporc near Burdwan, 


Tho rosorvoirs proposed eali-ulalvd to nloro 
ibiod siiflieioni to lower level of innndaliou 
lit Edilpore about one fool, and the eouuc- 
quoul advunluges. 


£1. In the 47th paragraph of the Report, Lieutenant Garnault 

states that the flood lev(d at Edilporc, 
near Burdwan, would be lowered more 
than a foot, and he shews clearly by 
tho statements annexed that, of the ihirty inundating floods which 
have oecurred during the last five years, fifteen would have passed 
innocuously by this decrease of one foot in level, and of course the 
remainder would have been alleviated probably sufficiently so to have 
allowed the villagers to stay in their huts instead of living for two or 
three day* in trees as they were compelled to do daring the flood of 
September 18G3. 

22. This testimony to the misery endured during seasons of excess 

flood by a population scattered over 
such an extensive area shews the abso- 
lute necessity to endeavor to alleviate 
their suflbriiigs which are intensified by the uncertainty as to the course 
the spill flood may take. The country bordering the right bank may 
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be said to be undulating, — the villages being situated on the high 
ridges, — the flood passing through the intermediate valleys. ^ The fluc- 
tuation in the volume of spill escaping through these numerous hollows 
is remarkable, — in one season the waters flowing at one locality 500 feet 
broad and 6 feet or more deep, and as they fall filling the low level 
with sandy deposit, the next year’s flood forsaking the passage and 
creating a similar escape above or below. These vagaries of an uncon- 
trolled flood, threatening one village this, and another the following 
year, naturally serve to keep the population scattered over the inundated 
aiea in a state of panic. 


23. As each case of danger to a village community is taken up on 

its special merits by the Government 

Adoption of partial measures of relief to • r j i*i_ i • i 

suit particular requirements inexpedient. m a IlUmane ancl JlOerai Spirit, an Cl 

orders are given to protect the locality 
by embanking against direct spill, the natural consequence is that the 
flood is thrown the next season in excess on the villages above or below, 
and these in their turn claim equal consideration ; and if similar action 
continues to he taken, the free spill ordered to be provided over a cer- 
tain length of the right bank will be gradually and almost impercep- 
tibly interfered with ; moreover this system of detached embankments 
only forces the spill to pass with greater velocity through the interme- 
diate escapes, thereby scouring the country and forming numerous 

escape channels, all which cut up the bank and country and tend to 

increase the panic in the interior. 


21. It is true that the uncertainty to life and property is not 

great in the Burdwan District, as 

Tnnndnt inn within Burdwan District small ii 

compared to that in tho Mooghiy. thcrc aic oiit Jo squarc milcs inun- 

dated, but the spill soon passes inio 
the Hooghly District, wherein 264 square miles are floodoii tlie level 
is much lower, and the inundation intensified by the freshes being 
held up on all occasions of simultaneous high springs. 


25. It has been recorded by the late Superintendent of Embank- 
with cntroi of ia- ^^“*8 that the battle of the DamoodaH 
had been foufyht and won, but dealing 

Resnlta of allowing tho escape of flood with the question in all its bearings, 

over right bank recordea. j i i , 

and wit I- greater opportunities afforded 
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to juJge of results, and above all studying tlie interest of the Govern- 
Iment and the country, I venture respectfully to differ, believing as I 
do that the battle is an annual one, and that embanking continuously 
on the left bank and forcing the excess flood over the right has pro- 
duced the iinder-mentioned results : — 

Ist/y, — The embankment on left bank is but very slightly tried, the 
flood rising theieon but a few feet. 

^ndly . — The absence of scour in the lower reaches has so dete- 
riorated the channel that the coal traffic has been closed, that is, whereas 
Amptah, situated about 40 miles above mouth of river, was the great coal 
de})6t, it has been abandoned, as large boats could no longer navigate the 
river. 

3r^/Zy, — The decreased scour in the channel along the portion where 
free spill bas been provided has caused deposit in bed, which is being 
gradually raised in level. 

— Insecurity to villages owing to vagaries of an uncontrolled 
flood, which entails endless petitions and necessitates re-construction of 
detached embankments which interfere materially with the full escape 
considered necessary. 

5M/^, — The great and increasing danger to the country to south of 
the Buxee Embankment (situated between the Damoodah and Koopnarain 
Rivers) owing to the spill flood of the Damoodah standing during an 
extraordinai y season of flood an average height of Ilf feet on the section 
for a period of two and a half to three and a half days until escape is 
found vid the Roopnarain River, — such a test being excessive. 

bthly , — The erosion that has taken place in the Roopnarain River 
below head of Buxee Khali, and which may be expected to continue 
owing to thf action of the excess volume now gorging the Roopnarain 
Channel, has demanded retired lines, and now a further considerable 
retirement is necessitated, all which remedial measures entail outlay and 
loss of property. 

lihly ^ — That there is ever the probability of the floods opening out 
on right bank a channel similar to that at Kistopore or Sreekistopore 
(both closed at considerable expense) and escaping in volume southwards, 
^hen the consequences would be serious. 
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— That in proportion to the deterioration of the channel of 
the Damoodiih to south within tidal influence will be the decrease of 
volume passing up, and therefore aeonsequent loss of the power exercised 
by each ebb in scouring out the Hooghly at a most important point; and 
as the efficiency of a tidal channel is doubtless maintained by the volume 
ebbing in the channel itself and in the several tributaries, the deposit of 
sand at mouth of Damoodah will yearly gradually increase to the 
detriment of the Hooghly. 

9////y/, — ^That the deterioration of the channel of the Damoodah 
below Ilaneei>unge and the difficulties in its navigation are yearly 
increasing as exj erionced by the Coal Corajianies, and as the Rail cannot 
compensate for this, the prosperity of the Coal Companies is affected. 

lOM/y, — That ten years since the mouth of the Roopnarain, or 
rather the narrow clay bound neck, was only some 2,500 feet broad 
between the embankments and 2,500 feet long, and the section has been 
slowly but imperceptibly enlarging, entailing retired lines. Any dis- 
])roportionato enlargement of this neck would bo a most serious matter, 
for being in direct continuation of the Diamond Harbour reach the tides 
would puss in excess up the R-opnaraiu to the detriment of the 
Hooghly Channel, and as the volume at ebb in the former would be in 
excess, that iu the latter would bo held back, thereby increasing the 
tendency to the f )rmatiou of shoals from deposit. 

20. I venture to 2 )oint out the difficulties to be contended against, 

because I am convinced that the whole 

Ml (lUTifullic’^ foiuK’ciod wiili eTroean floods 

to 1)0 ovoivoi.io if suilal)loHitc« (or rosorvuira WOuld bc OVCrCOmO COUld tllC CXCGSS flood 
are iouud to Uold up tlie nurraUur (iooua. 

be stored iu reservoirs. Having been 
all along of opinion that the Burrakur ficslies slu)uld he first controlled, 
I hoped that Lieutenant Oariiault would have been deputed ti:) examine 
the line of country through which this river Hows ; however, the explo- 
ration has been carried out by an officer deputed by the . East India 
Irrigation and Canal Company, From enquiry I learnt that there were 
no sites suitable for reservoirs; latterly, however, I have had reason to 

Exploration of upper reaches of Burrakur CODclude that thc investigation WaS 

not safisfaclory. I would therefore 
stropgly recommend that some one specially adapted for such work be 
appointed to visit the country immediately after the flood season of 
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18G5-G6, for if sites are available the operations can be supervised more 
readily than in the Damoodah and the works maintained at a less cost^ as 
labor is more abundant in this line of country, and this is urged as the 
difficulties and expense that would attend the formation and maintenance 
of the reservoirs on the Damoodah would, from the nature of the loca- 
lities, be very expensive, and if sites are found on the tributaries of the 
Burrakur the immediate results would be more heneficiah 


From Lieutenant II. W. Garnault, r. e., to the Superintending Engi- 
neer, Presidency Circle, — (21th June 1864'.) 

In Officiating Secretary to Government of BengaPs No. 
6111, dated the 30th October 1804, I was ordered to explore the heads 
of the Damoodah and Burrakur Rivers in the manner proposed in my 
memorandum No. 157 of 3()th July 1863, with a view of finding sites 
suitable for reservoirs to hold the surplus water which inundates the 
country in the lower reaches of those rivers. 

2. I was relieved of the current duties of the Damoodah Division 
on the 1st January hy Lieutenant Gumming, and started for Raiieegunge 
on the 4th, but was obliged to return on the 7th to appear before the 
Public Works Accounts Commission; so that 1 was not fairly started with 
the work till the 9th January when the field work season was half over : 
this delay was caused by the difficulty I experienced in obtaining the ele- 
phants I had indented for, and the time that elapsed before any officer was 
appointed to relieve mo. 

3. Lieutenant Cummings was transferred to Darjeeling in February, 
and no officer having been appointed in his place, I returned to Burdwan 
by your orders and resumed charge of the Division on the 1st April. 

4. I was out, therefore, about two and a half months, and during 
this time I took a longitudinal section of the bed of the Damoodah from 
its junction with the Burrakur to Ramghur (a distance of 100 miles) 
and thirteen cross sections ; besides this I reconnoitred four very suitable 
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Bites for large reservoirs and several smaller ones, — a full description of 
which 1 shall give hereafter. 

5. The country through which my route lay is very difficult. From 
the Jumooneah Nuddee (the boundary of the Hazareebaugh District) to 
Ramghur it is one mass of dense jungle and ro< ks. The few villages 
that exist are of the poorest description, consisting of two or three 
Sonthal huts, so that I experienced great difficulty in finding ground 
for encamping anywhere near my work, and was often compelled to send 
to great distances to obtain the bare necessaries of life for my camp. 

6. Accompanying this report are the following plans and sections 

1 Map of the basin of the Damoodah and Burrakur 
Rivers. 

1 Lonoitudinal section of Damoodah from Ramghur to 

its junction with the Hooghly above the James and 
Mary. 

8 Cross sections of the Damoodah. 

2 Maps on the 1-inch scale of the sites of the large 

reservoirs. 

7. Of the section, the portion from Ramghur to junction with 
the Burrakur was taken by myself; the portion between the juncticn 
wdth Burrakur and Raneegunge I have put in approximately from the 
Railway levels ; and that between Raneegungeand junction with Hooghly 
is from an old record in my oflice, the levels of which were, I believe^ 
taken during my predecessor's incumbency of the Division. I closed 
with the Railwy levels at Burrakur and took their datum, namely, the 
sill of Howrah Dock, but I have since reduced all the heights to mean 
sea level, allowing the latter to be 11*63 feet higher than sill of Howrah 
Dock according to the Great Trigonometrical Survey calculations. 

8. In making calculations of the discharge of the river, I have 
used Eytelwein's formula, viz., I)= d^2 fdxs where D=discharge, 

str(%^_iyi pgj, d=hydraulic mean depth, and s=arca. 

appoint^i, 
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9. I have marked on my sections the flood of 26th September 
1863. Mr. Powell, Executive Engineer, was kind enough to didvc in 
pins at the limit of the flood at two or three places near Burrakur, and 
in the higher reaches of the river I have taken the marks on the 
banks : where no marks were visible, I have obtained the height from 
the villagers. I have assumed this flood to be a maximun ; and the 
rain-l'all which caused it, a maximum rain-fall in twenty-four hours in 
the catchment basin. 

10. These assumptions will, I think, give very safe data for deter- 
mining the size and number of the reservoirs required, as the rain-fall 
recorded at Hazareebaugh on 25th September, viz,y 13 inches, is 5 or 6 
inches more than any fall hitherto recorded ; and the flood of September 
26th rose higher and lasted longer, in the lower reaches of the rivers 
especially, than any previous flood since the memorable one of 1823. 

11. The flood of 1823 must have been extraordinarily high : the 
marks of it have been pointed out to me from Cowcolly Light House 
to Eamghur, and it appears to have been at least 10 feet higher than 
any that has since occurred. In this flood, however, the Damoodah 
and all the other rivers in Lower Bengal were held back by the very 
liigli sea-wave which came up the bay and caused such destruction to 
life and properly along the coast south of the Russoolpore River. 

12. Before describing the reservoirs, I propose giving a sketch of 
the Damoodah River from its source : this has been already done some 
years ago by an officer far more able to do it than I am, and my only 
excuse for the repetitioii is that I have been able to collect more and 
truer information than was placed at the disposal of that officer at the 
time his rej^ort was written. 

13. The Damoodah, or Deonud as it is called in the higher reaches 
of the river, rises in Toree about 50 miles south-west of Hazareebaugh 
and ^40 miles north-west of Ranchee; it flows in an easterly direction 
through a wild country between high rocky steep banks covered with 
jungle and over a sandy and rocky bed ; the fall appears to be about 6 
or 8 feet per mile as far as Ramghur. 

14. From Ramghur to south of Gunkee the river still runs in 
an easterly direction and through similar country ^ the bed, however, 
is more sandy and the fall is 6*56 feet per mile. 

D 
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15. From Gunkee the river takes a northerly course to Jalla or 
Mirzapore, and the fall is considerably increased, being to Gugree 17' 5", 
to Gaga 10' 8", and to Mirzapore or Julia 14' 9" per mile. The bed has 
several small breaks and is a mass of huge boulders which shew unmis- 
takeably the terrific velocity of the river when in flood. The banks are 
very high, rocky, and covered with dense jungle. 

10. Between the junction of the Bhera Nuddee and Gugree there 
is a hole or dhow^^ in the river for a length of ^ mile which is said to 
be uiifathomal)Ie ; the dry weather stream here is about 20 feet broad 
and runs between perpoudicular rocks about 18 feet high ; these rocks 
are themselves covered in floods. 

17. At the angle formed hy the junction of the Bhera Nuddee with 
the Damoodah there is a stone temple (Rajarapar mut) built by one of 
the former Rajahs of Ecbuk and ministered to by a family of Brahmins 
who live at Hishapoora; tJie plinth of this temple was above the flood 
of 18G3, but I was informed that the flood of 1823 rose up to the top 
sill of the doorway; it also lifted some of the stones of the steps and 
basement (about 8 cubic feet each) and deposited them 20 or 30 yards 
distant. 


18. From Julia to Turceo the river again runs cast and with a 
fall of from 5 to 6 feet per mile ; the bed is principally of sand, with 
rocks cropping out here and there : the banks are high and a large quan- 
tity of coal is visible in them. From Julia the timber cut from the 
Ramghur Hills is floated in rafts to Tureeo where it is landed and con- 
veyed hy cart to Rungamatlee ; here it is again embarked and can pro- 
ceed without impediment to Calcutta by the river, 

19. .Between Tureeo and Eungamattee there is in 8 miles a fall 
of lOO feet or about 32*49 feet per mile; the bed in this portion has 
several breaks, and is a mass of Luge boulders lying about inkiest 
bewildering confusion. Opposite Rajabera there is another " dhow^^ 
or deep hole similar to the one at Gugree already described. 

20. From Rungamattce or the Jumooneah Nuddee to its junction 
with the Gowaie the river takes an easterly course and has a uniform 
fall of about 4*5 feet per mile ; the bed is sandy and rocky, and the 
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tanks are high and almost entirely of rock. Just above Tasra, for 
some distance, they have the appearance of having been cut to a regular 
slope of 2 to 1. The high flood line is very distinctly marked about 
ith up the bank- 

21. From Tasra to Eaneegunge the slope of the bed is from 3| 
to feet per mile, the banks are lower, very little rock appears in the 
bed, and the width between banks increases considerably. 

22. From Eaneegunge to opposite Burdwan the slope is about 
2J per mile ; the bed is broad and sandy, — the banks are low and 
alluvial. From Burdwan to Champadanga the fall is feet per mile, 
and from Champadanga to junction with Ilooghly about i foot. 
From Amp tall the Damoodah becomes tidal. 

23. From its rise to its junction with the Hooghly the Damoodah 
has altogether a course of 337 miles in length. 

24. The principal tributaries of the Damoodah are the Chundroo 
or Gurhee, the Haharoo, the Suphee, the Konaree, the Jumooneah, the 
Gurgee, the Khatree, the Gowaie, the Burrakur, and the Singarun. 

25. The whole area drained by the Damoodah is about 7,600 
square miles, of which 6,900 is drained just below its junction with 
the Burrakur. From Seilnah, or about 96 miles from its junction 
with the Hooghly, the river is embanked and receives little or no 
drainage. 

2G. In order to obtain some knowledge of the proportion of rain- 
fall which is drained by the river and that which is lost by evapora- 
tion, absorption, &c., I propose making a comparison between the rain-fall 
of September 26th at Ilazareebaugh and the water that passed through the 
river at certain sections ; the result will not of course be perfectly accu- 
rate, as I am dependent on the statements of the villagers for the dura- 
tion of the floods ; and the measure of the rain-fall is not, I think, as 
accurate as it might be on account of the rough instruments used in 
determining it. 

27. The discharge, too, is not perfectly accurate as it has been 
calculated from the dry weather section of the river ; there is a great deal 
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of f?aiid ill the bed of the river now which could not possibly have existed 
when the river was in flood, so that tho depth and consequently the 
discharge is less as here shewn than it must actually have been. There 
is, however, to a certain extent a set-olf against this error, as it is more 
than probable that before the flood came down there was some water in 
the river, of which I have taken no account. 

28. On reference to the discharges noted on the sections, some 
inconsistencies will be obsi.rvod ; for instance, the discharge at Burkcc 
is less than that to west of Gurgee, although between the two sections 
the volume passing down the river is increased by the drainage of the 
Gurgee Nuddee ; so also with the sections at Tasra and Ghiirbar. At 
Ghurbar the river goes over the bank and fills some low jhccls which 
may account for the decrease in the discharge at this section, but I arn 
unable to account for it at Tasra and Burkee, except by supposing 
that the flood line as pointed out to me by the villagers was not 
correct. 

29. The sections which are, I think, most to be relied upon are 
Nos. 1, 4, and 8, vlz,y those at llamghnr, west of Gurgee Nuddee, and 
above junction with Burrakur. At the latter, the flood limit was 
marked by Mr. Powell himself, and the two form^ar sections were 
taken at the crossings of the Ilazarccbaugh and Ranchec and Goviiid- 
pore and Ranchec roads respectively, where the heights of flood were 
well known. 1 shall use these three sections, therefore, in com})aring 
the proportion of rain-fall drained by the river. 

30. At Ramghur the discharge per second was 102,239*73 and 
the flood is said to have lasted two and a half days ; the whole amount 
of water therefore that passed through the river was 22,083,781,080, 
which is about 7i inches of rain over area drained, viz., 1,000 square 
miles. 

31. At the section west of Gurgee Nuddee the discharge was 
194,218*47 per second; ihe flood lasted three days, and the water 
that passed through the river was 50,341,427,424 cubic feet, which is 
equivalent to 7*2 inches of rain over area drained through that section, 
viz., 3,000 square miles. 
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32. At the section above junction with Burrakur the discharge 
was 28*1,388*7 cubic feet per second; the flood is said to have lasted 
throe days; the water that passed through the river was 73,713,551,010 
cu])ie feet, wliich is equivalent to 7*5 inches over area drained, vlz,^ 
4,200 square miles. 

33. The rain-fall that caused the flood under consideration was 13 
inches, and from the above calculations we find that 7*5 of this was drained 
by the river, the remainder being lost in evaporation, absorption, tanks, 
&c. 7 i\', or Irds say, is the proportion of rain falling on the catchment 
basin which passes through the river, and this is the proportion which the 
reservoirs must be capable of holding whetiier they are constructed to 
shut off a weekly, monthly, or yearly rain- fall. 

^ 34. As the first object of the reservoirs is to save the country 
below from inundations, which only occur three or four times a year 
after an unusually heavy shower of rain on tlie catchment basin, it will be 
sufficient to construct them capable of holding the greatest monthly fall : 
the floods run olf so rapidly that ample opportunities would be afforded 
of emptying the reservoirs when tlio river is low, and so keeping them 
ready for receiving the next licavy shower ; the last month^s rain of the 
season might be retained in the reservoirs either for the purposes of irri- 
gation or for feeding canals. 


35. In Appendix B I have entered all the inundating floods that 
have occurred during the last five years as shewn by the Edilpore Gauge; 
when the flood rises up to 10 feet on this gauge it tops right 
bank. From the time that elapses between two consecutive floods, 
it will be at once seen with what facility the reservoirs might be 
emptied, 

36. In Appendix A the rain-fall for each month during the last 
five years is recorded; the maximum in any month is 31*13: the reser- 
voirs must be capable of holding §rds of this, or 21 inches over the 
whole area the waters of which they receive. 
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37, The most suitable sites for reservoirs which I had timo to 



amine are on the Gurhee, Haharoo> 
Konaree, and Bakaroo Nuddees. In 
speaking of these streams^ shall 
use the names given on the Revenue 
Survey Map, although they alter 
their names in each village through 
which they run. 

88. The Gurhee is formed by 
two or three small streams which 
rise in the Kasiatoo and Joradug 
Hills; the last it receives is the 
Chundroo just above the town of 
Tendwa. In the mouth of the Chun- 
droo there is an extraordinary natural 
bar of rock, through a fissure in 
which the stream runs. I have given 
^ in the margin a rough sketch of a 
longitudinal and transverse section 
^ of this bar. Opposite Tendwa the 
Gurhee is about 5 chains broad and 
has very high sloping banks. About 
5 miles below Tendwa it runs be- 
tween the Niree and Chiloomaree 
Hills, whose summits are less than 
a mile apart. The dam for the re- 


servoir might be constructed in a 


line between the villages of Utratoo and Chiloomaree. 


89. The drainage of 185 square miles passes through the Gurhee, 
so that the reservoir would be required to contain (supposing* as I have 
said before that it is to hold the available maximum monthly rain-fall) 
7,736,256,000 cubic feet, and it would cover an area of 6 square 
miles and be on an average 48 feet deep : the valley through which 
the stream runs below Tendwa and before it enters the gorgQ between 
the hills is more than a mile broad and deep, so that there would 
be ample space for this water ; the stream itself too would be 
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ponded up for 3 or 4 miles. The valley is principally grown over 
with short scrubby jungle, and the only villages that would, I think, 
be destroyed are those of Uhatee, Lorunga, Clnloomaree, and Samecdce 
which merely consist of a few Sonthal huts. 

40. The Ilaharoo, which is the site of the next reservoir, is 
formed, of the Sikrec, Gulgiillea, Bukwa, and Badmahec streams, aJl 
of which rise in the Hazareebaugh plateau : the Ilaharoo runs 
close under the Mondcc Hill and then passes through a goige 
about J mile wide between the Aeharoo and Angoo Hills, — the 
former being as it were a continuation of the Mondee Hill ; this would 
be a suitable site for the dam. The Aeharoo and Angoo Hills are 
almost perpendicular for Jtlis of their height from the top, and then 
they slope gradually to the banks of the Ilaharoo, which are very steep 
and about 20 feet above the bed. 

41. Aboxit 250 square miles of drainage passes by the Ilaharoo 
to the Damoodah, so that the reservoir would have to contain about 
10,000,000,000 cubic feet of water and cover an area of 7 square miles 
with an average depth of about 53 feet: the valley above the dam and 
the beds of the streams themselves would, I think, give us this area, but 
apart from this it would be quite possible to relieve the large reservoir 
by forming small ones on each branch of the stream before they unite. 
I went up the Badmahec to its source and saw two or throe such sites 
whore a darn of 100 feet long only would bo required, The smaller 
reservoirs would be more advantageous for irrigation, being situated 
liig’her up the valley, but it is just probable that the cost of three or 
four small dams and one moderately sized one would exceed the Ct;st of 
the lage dam in the Haharoo itself. 

42. By the Gurhee and Haharoo reservoirs the discharge of the 
Damoodah at Ramghur would he reduced by about onc-third. 

43. The third reservoir would be formed by the Bakaroo, which 
rises sou^ of the Hazareebaugh plateau, flows easterly through * the 
Lugie and Jeliuga Hills, and joins tho Konaree about 4 miles west of 
j unction of the latter with the Damoodah. A very suitable site for a 
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dam would be about 2. miles east of Lalghur, where the gorge between 
the Lugie and Jelinga Hills is not more than 1,000 feet broad. The 
Bakaroo drains 225 square miles : the reservoir would have to contain 
9,400,000j000 cubic feet of water and would cover an area of 7 square 
miles to a depth of 48 feet. Before passing between the Lugie and 
Jelinga Hills south of Leyo the valley is very broad, and there would be 
no difficulty in storing this water : the villages on the banks of the 
stream where it enters the gorge, such as Lalghur, Dhundunya, &c., 
would be destroyed, but although they appear to be large villages from 
the map, they consist of two or three Sonthal huts only : the valley 
is of jungle which is very dense between the hills. 

44. The fourth reservoir would be on the Konarcc : the denseness 
of the jungle and my sudden recall to Burdwan prevented my making 
as complete an examination of the site for the darn as I could have 
wished and as I made at the other sites ; but a dam might be construct-. 
ed between the Pureary Hill, which is a continuation of the Jelinga, and 
a ridge to the north of the Konaree, wliich runs along the left bank of 
Konaree and Daraoodah. The Konaree carries the drainage of 550 square 
miles of country ; it would be necessary to store 20,000,000,000 cubic 
feet of water ; this might be retained in two or three reservoirs, one 
at the site above described, and others higher up the stream. 

45. With these four reservoirs the discharge of Damoodah, just 
above its junction with the Burrakur, would be diminished by jtlis of 
the present discharge per second. 

46. I have marked on both the large and small scale maps the 
site of the dams and the probable area and position that the water would 
occui^y. I am unable to give aiqjroximately the cost of constructing 
the reservoir dams, but sites are so favorable, and good stone for build- 
ing so easily obtained at each site, that I would recoramimd the necesw. 
sary sections being taken, so that estimates might be framed for two 
of the dams at least, and from these mmo idea might be obtained of the 
probable cost of the whole project : the sites which would offer least 
obstacles for surveying and levelling would be the two western-most 
resofyoirs, viz,, those on the Gurhee and Haharoo : the levels for these 
would probably occupy a good Surveyor about six weeks. 
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47. The reservoirs that I have already described would not of course 
be sufficient to save the country south of Burdwan wholly from inun- 
dation, but they would of themselves lower the flood level at Edilpore 
by more than a foot, and of the thirty inundating* floods that have 
occurred in the last five years, fifteen would have passed innocuously 
down through the bed of the river : the danger caused by the remain- 
der would have been greatly alleviated, probably sufficiently so to have 
allowed the villagers to stay in their huts, instead of living for two or 
three dnvs in trees as they were compelled to do during the flood 
of September 1863. 

48. The system of reservoirs is not unknown to the natives of 
the district, as on the road from Tendwa to Hazareebaugh, just below 
the Dooiigree Ghaut, I saw a dam, which a zemindar has construcl'‘d 
for irrigation across the Dinia Nuddee where it issues from the hills. 
The dam is strongly built of stone and brick about 100 feet long and 
30 feet broad at top : there was, when I went over it on 19th March, 
a head of 0 feet of water on upper side. 

49. In the Maunbhoom District, on the left bank especially, there 
are numerous small streams (locally called jhoors^^) which rise a little 
south of tiie Grand Trunk Road and run due south to the Damoodah, 
carrying the drainage of about 10 or 1^ square miles. These could all 
he very easily and cheaply dammed before they empty themselves into the 
river : the water thus retained, while causing a diminution in the dis- 
charge of the river, would be very beneficial to the country for dry 
weather crops : the ryots when spoken to on the subject readily admitted 
the advantage, but the universal question was who is to pay for the 
dam. Until the ryots, instead of being possessors, are simply cultiva- 
tors of the land, such improvements by private individuals must not, 
1 suppose, be expected. Of some of the larger of these streams which 
could be most easily dammed for reservoirs, I may mention the Gheej- 
hoor, Kalajhoor, and Kaseajhoor. 

50. After my survey daring the ensuing cold weather, I feel san- 
guine of being able to point out more sites equally favorable both on the 
Damoodah and Burrakur, which will enable us entirely to control the 
floods in the river and at the same time afford means of irrigation to a 
country which is at present uncultivated for want of water. Now that 
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the tea producing capabilities of the Hazareebaugh District have been 
established, the land bordering on these mountain-locked lakes will 
become very valuable, and proceeds of the sale of the water for irriga- 
tion will go far towards covering the expense of the dams. 

5 1 . Before closing this report, I beg to offer a few recommenda- 
tions with a view of obtaining further information regarding the 
Damoodah, — 

1^^, — That gauges be set up at Ramghur above the Burrakur Bridge, 
at Raneegunge and Edilpore, and that they be observed every three 
hours at least from 1st June to 30th October; there are gaugesat Ranee- 
gunge and Edilpore ; an establishment only is required to note the 
heights. 

27uly — That the rain-fall be recorded at the stations of Hazarce- 
baugh, Ranchee, Burhee, Govindporc, Pooroolea, Burrakur, and Ranee- 
gunge ; there are public offices at each of these places, and there would 
be no difficulty in keeping the record. A Register is kept at Hazaree- 
baugh and Ranchee, but the gauge used consists of a tin funnel 2 inches 
in diameter, inserted in the neck of a bottle ; the catching surface is 
hardly 4 square inches, and an ordinary bottle would not hold more than 
8-inch rain-fall ; whereas a -1 3-inch fall is possible, and it might all 
fall at night when it would be very inconvenient to measure off the rain 
and empty the bottle. The standard rain gauge which has a catching 
surface of 4 square feet should be adopted. 

52. If it is decided that estimates should be framed for the dams 
at the sites I have recommended, I beg that two good Levellers may be 
entertained instead of the Sub-Overseer I had last year. It would be 
desirable also to have a Native Doctor attached to the establishment 
of the same grade as those attached to 4he Geological and Revenue 
Survey parties. 



APPENDIX A. 

STATEMENT shewing Bahi-fall in each month from the Tear 1859 to 1863 at different j^oints in the Catchment Basin 

of the JDamoodah River. 
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From the Government of Bengal, to the Superinteniing 'Ehgix\eer, 
Presidency Circle, — (28th September 1866.) 

I am instructed to acknowledge the receipt of your memo- 
raiidum, (without No. or date,) submitting, with your own remarks and 
observations, the Eeport No. A. dated the 24th June 1864 of Lieutenant 
H. W. Garnault, n. e.. Executive Engineer of the Damoodah Division, 
on the exploration of the basin of the River Damoodah which, along with 
that of the head of the Burrakur River, was ordered to be carried out 
in the Orders No. 6111 dated the 30th October 1863, with a view of 
finding sites suitable for reservoirs to hold the surplus water which 
inundates the country in the lower reaches of the Damoodah. 

2. In reply, I am to inform you that Lieutenant Garnault, who is 
at present on leave to Europe, will be thanked for his valuable and 

♦ interesting report, and his exertions in making the investigations under 
great difficulties will be commended. 

3. I am to state that, if the services of an Engineer Officer can 
be made available for the duty, the investigation will be continued 
during the next cold season, and it should comprise the valleys of the 
Burrakur and of all the main tributaries of it and of the Damoodah. 

4. I am to observe that one thing is quite clear to the Lieutenant- 
Governor, that unless the project of constructing these reservoirs is taken 
up on a comprehensive scale, with a determination to carry it out at 
least to the extent indicated in Lieutenant Garnault^s Report, it will be 
of little practicable benefit so far as mitigating the effects of floods is 
concerned. The four reservoirs recommended by Lieutenant Garnault 
on the Gurhee, Haharoo, Bakaroo, and Konaree Nuddees, and noticed in 
paragraphs 37 to 50 of his Report, would only have the effect, according 
to his calculation, of lowering the flood level one foot at Edilpore, and 
thereby disminishing by about one-half the damage heretofore done by 
inundating floods. To attempt less than this would be trifling with an 
object of great importance, and it is certainly desirable that a much 
greater measure of protection should, if practicable, be attained. 

5. The Officer, who may be appointed to continue Lieutenant 
Garnault^s investigations, should be requested to frame an estimate 
for the dams proposed by Lieutenant Garnault, and for any other 
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dams that may be recommended, and the necessary establishment 
should be placed at his disposal for the purpose. The estimate should 
include the cost of the land to be taken up for the reservoirs and for 
compensation for property. 


No. 4012. 

Copy of the above letter, and of the Memorandum and Report 
referred to, forwarded to the Government of India in the Public Works 
Department for information. 

From the Government of Bengal, to Lieutenant II. W. Garnault, r. e., 

— (9th October 1866.) 

Your Report No. A. dated the 24th June 1864, on the explora- 
tion of the upper reaches of the River Damoodah, having been under 
the consideration of the Lieutenant-Governor, I am desired to convey 
His Honoris thanks for your valuable and interesting Report, and to 
commend your exertions in making the investigations under great 
difficulties. 

From the Government of India, to the Government of Bengal, — (Simla, 

13th October ISGO.) 

With reference to your docket No. 4012 dated 28th September 
1866, I am directed to request that cox)ies of the plans and sections 
alluded to in Lieut(‘iiant Garnault^s Report on the exploration of the 
valley of the Damoodah may be furnished to this Office. 

2. Ill connection with the scheme for the formation of reservoirs 
for the storage of the surplus waters of this river, and tlie intention to 
dexnite an Officer, if available, to complete the examination commenced 
by Lieutenant Garnault, I am to invite altention to Public Works De- 
partment Circular No. 25 of 186G calling for proposals for employing 
establishments for preparing projects for irrigation works. 


From the Government of Bengal, to Hie Government of India, — 

(28th December 1866.) 

With reference to your letter No. 934C. of 13th October last, 
I am directed to submit the accom- 
panying copies of the plans* and 


, 742 to 740 of. 1866-60. 
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sections illustrative of Lieutenant Garnault^s Report on the exploration of 
the upper reaches of the Damoodah valley ; and, with reference to the 
2nd paragraph thereof, I am to intimate that Lieutenant J. M. 
Hey wood, a. b., has been deputed by His Honor the Lieutenant-Governor 
to complete the exploration commenced by Lieutenant Garnault. 

Circular from the Government of India, to the Government of Bengal, 

— (22nd March 186G.) 

Under instructions from the Secretary of State, the Govern- 
ment of India desires me to invite the attention of the Government 
of Bengal to the subject of the preparation of projects for Irrigation 
Works, such as would be the most proper to commence upon in the 
event of funds being made available within the next few years. 

2. In determining which projects to select for survey and detail- 
ed estimate, it is desirable that two main objects sliould be kept in 
view. The first is to select those works first for execution which are 
calculated to prevent the occurrence or mitigate the severity of drought 
and famine ; the second is that the works should be remunerative. No 
project should be selected which is not likely to satisfy both these 
conditions. 

3. Amongst those which do satisfy both, preference should be 
given to those which are most urgently needed in respect to the first 
condition ; and which are likely to be most rapidly and eminently 
profitable, as regards the second. 

4. This latter condition is of immense importance in view to any 
general scheme for prosecuting Irrigation Works throughout India. 
It will be impossible to provide adequately for the outlay except under 
the prospect of an early and satisfactory return for the money, so that, 
ultimately, the necessary funds for the prosecution of fresh works shall 
be provided out of the profits of those previously completed. A judi- 
cious selection in this point of view is essential to success. 

5. Further, it is to be borne in mind that any development of 
works must be gradual. Whatever scale of operations it may be 
possible ultimately to take up, it is obvious that, at first, there can only 
be a moderate extension of existing operations. The scale upon which 



( 32 ) 


tlie preparation of detailed projects and estimates should be taken up 
must, therefore, be limited by the prospect of getting the works put in 
hand when the estimates are ready. It is impossible to lay down 
exactly at present what scale of outlay can be contemplated, but it 
will be safe, as an approximate guide, to say that no scheme of projects 
should be got up as yet which will require for cx3cution an additional 
outlay of more than one-fourth of the present budget grant annually. 

6. Some of the Governments and Administrations have already 
projects matured; others have made progress in the investigation of 
projects for irrigation works ; others, again, may be able to get projects 
prepared by the establishments already employed, with some sliglit 
additional stalf of Surveyors, &c. ; others, again, may require the 
appointment of special officers with the necessary subordinates 
altogether in excess of existing establishments. 

7. A review should be made of the projects completed and in 
progress, and of those to be selected for investigation ; and the further 
steps to be taken should be limited by the prospect of providing under 
the above financial limit for the ultimate outlay required for carrying 
out the works. For whatever is thus decided upon as necessary to be 
further examined and estimated, the means in hand in the way of 
establishment should be considered, and, if necessary, application should 
be made to the Government of India for an addition of Engineers or 
Subordinate staff as may be needed. 

8. With any such applications, the Government of India will 
expect to receive a full general review of the operations contemplated. 


From the .Government of Bengal, to the Government of India, — ^8th 

February 18C7.) 

With reference to your Circular dated the 2^nd March last, 
requesting the submission of projects for Irrigation Works in Bengal 
which might be commenced upon in the event of funds being made 
available within the next few years, I am directed by the Lieufenant- 
Governor to state us follows for the information of the Government of 
India. 
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2 , The Lieatenant-Governor is unable at present to brini^ forwa^’cl 
any detailed proj<'ct for Irrigation Works in Bengal ; but as there 
appears to be a progpc^ct of funds being made available, and of the 
noct’ssary Establishments for investigating projtcts being allowed, Ilis 
Honor desires me to submit the following remarks and general 
2 )roposals. 

3. One of the best fields for irrigation in Bengal bas been taken 
u[) by the East India Irrigation and Canal Company under their Orissa 
contract. 


* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 
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0. Another extensive scheme has been brought forward by the 
Eiist India Irrigation Company for irrigating a large portion of Behar 
from the River Sone, and has been accepted by the Government of 
India under conditions that have been agreed to by the Comj)any. 

7. It was the intention of the Lieutenant-Governor to have brought 
forward, as worthy of investigation, a general proposal originated by 
the late Lieutenant- Colonel Short, for a Canal from the left bank of the 
Damoodah, with the double object of providing irrigation for a populous 
part of the country and of facilitating the coal trade of Raneegunge 
and its vicinity : a proposal was, however, received for carrying out 
this project by means of a i)rivate Company to be foi’med, and this has 
received the cordial approval of the Lieutenant-Governor, whose opinion 
is strongly in favor of such works being undertaken by this descrip- 
tion of agency, unless the Governinent is itself prepared to undertake 
them immediately and to provide lunds and agency for their vigorous 
j)rosecution and speedy completion. The definite proposal for registra- 
tion has not yet been received, but it is believed that the promoters still 
irjtend to carry out the project. Should the execution of this proposal 
through the moans of private capital fail, the Lieutenant-Governor 
would wish it to be one of the first projects to be investigated by 
Government Ofiicers. 

8. Projects for a Canal from the right bank of the Damoodah to 
Midnapore have been brought forward on several occasions; but the 
want of eslablishmcnt to prosecute enquiries, and the absence of any 

F 
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prospect of the necessary funds being available, have hitherto prevented 
anything being done in regard to such projects. The waters of the 
Delkishore or Roopnarain, the Selye and the Subunreeka may also be 
made to contribute to the irrigation of parts of Burdwan, liooghly, and 
Midnapore. 

9. As the Government of India is aware, a general exploration of 
the upper part of the Damoodah was made by Lieutenant Garnault 
with the view of determining the feasibility of forming reservoirs to 
hold back the excess rain-fall during the rainy season and to augment 
the supjdy of water at other times of the year. An Officer is now 
employed in prosecuting these enquiries more fully for the purpose of 
fixing on the best places for reservoirs, and it would assist in disposing 
of the important (|iiestlon connected with these researches if the pro- 
jects for Canals could bo also brought under consideration at the same 
time, and these should therefore be amongst the first pr(\jects taken up. 

10. It will he in the remembrance of the Government of India 
that the East India Irrigation and Canal Co tn piny proposed to extend 
their operations to the eastward of the original Behar scheme, and 
Colonel liundall very ably urged the advantages of having a constant 
supply of water for the irrigation of these districts, such as could alone 
be drawn from the Sone, and ho also represented the great assistance 
to trade that would arise from a navigable Canal connecting Beiiar 
with Calcutta, and affording a secure line of water communication at 
all seasons instead of the at times more dangerous route by the Ganges. 
This proposal was strongly recommended by the Lieutenant-Governor, 
and His Honor thinks that an investigation of the proposal should be 
made and the question more fully discussed in all its bearings. The 
investigation should embrace also the country between the Sone 
and the Kuramnassa, including the latter river and its tributaries be- 
yond the limits of Colonel Dickens^ project. 

11. The districts of Chumj)aran and Tirhoot suffered much from 
drought during the past season, and it would appear that Irrigation 
Canals could be advantageously drawn off from the left hank of the fliver 
Gunduck and command a large tract of .country in these districts. 
There are other rivers flowing from the Nepaul Hills, such as the Bag- 
niuttoG and Little Gunduck \vliicli might be made to subseive the same 



{purpose. This project would be of much importance for ^prevention of 
distress, and should, the Lieutenant-Governor considers, be investigated. 

12. It would also be advantageous if any Canal that the Govern- 
ment of the North-Western Provinces might take from the right bank 
of the Gunduck were extended to the southern portion of Sarun. 

13. The River Teesta, which debouches from the Himalayan 
Range in the neighbourhood of Darjeeling, affords a large supply of 
water, which could no doubt be led down the water-shed of the country 
on the right bank, so as to command a large tract of land in the rich 
and populous districts of Rungpore, Dinagepore, and Rajshahye, which 
are now destitute of the means of irrigation, and the greater part of 
which has no outlet for its produce except during the rains. 

14. Many other useful and profitable projects of irrigation could 
no doubt be brought forward in connection with the numerous streams 
which traverse the country lying between the Himalayas and the 
Ganges, especially the Kosi and Mahanunda; but information is want- 
ing in regard to the capacity of these rivers, the extent to which their 
waters can be made available, and the levels of the country which they 
apparently command. 

15. The peculiar features of Eastern Bengal render that part of 
the province less dependent than others on the means of artificial 
irrigation, and at the same time present greater difficulties than are to 
be found elsewhere. Something may no doubt be done by taking 
advantage of the periodical overflow of the rivers which traverse these 
districts to store up water in tanks, but the question as regards these 
districts is not of pressing importan ce. 

16. In Assam the supply of labor is so insufficient for present 
requirements that it would perhaps seem needless to create new 
demands ; but the wants of this fertile province in regard to works of 
Public Improvement arc very great, and it is most desirable to have 
the circumstances of Assam thoroughly enquired into and its wants 
fully reported on, 

17. The Government of India is aware that there exist at present 
remains of large works undertaken during the time of the Rajahs of 
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Assam before •tlie conquest and occupati‘)n of the country by the 
These were partly embankments and partly roads, that also 
facilitated irrigation and agriculture by controlling and confining the 
floods of the Berhampooter and its tributaries. 

18. The Lieutenant-Governor would propose to have those old 
works thoroughly examined with the view of ascertaining their con- 
dition, their original purpose, and the manner in which this purpose has 
been Mfilled. The bearing of these works on the present wants of the 
province should also be considered, and whether it would be preferable 
wholly or partially to renovate them, or to undertake new works on a 
diflerent system. 

19. The order in which the Lieutenant-Governor would propose 
to take up the various projects is : — 

****** 

2m/, — Irrigation from the Rivers Damoodah, Delkishore, and 
Selye. 

* * . * * * * 
****** 

31. The extent to which the works proposed for investigation 
may be remunerative cannot now be discussed fur want of suffi- 
cient data, but the Lieutenant-Governor has no doubt that irrigation 
works properly designed and constructed in connexion with the rivers 
above-mentioned w^ould be of very great utility and would eventually, 
perhaps in some cases speedily, yield a profitable return. 

22. Referring to the other main object to be kept in view agree- 
ably to your letter of instruction under acknowledgment, viz,, the se- 
lection of those works first fur execution which are calculated to prevent 
the occurrence or to mitigate the severity of drought and famine, I am 
to remark that the Lieutenant-Governor would have placed the project 
for Canals north of the Ganges first in the list had it not been for the 
more forward state of the case and the other circumstances connected. 



( 37 ) 

with the Damoodah question, to which on the whole Ills •Honor woTilcl 
give the preference. 
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EXTRACT of a Despatch from Secretary of State for India, dated \^th 
January 1867, circulated by Government of India, 21st March 
1867. 

I am prepared to authorize the immediate commencement of any 
irrigation works that will satisfy the requirements specified in paragraph 
9 of ray Despatch in the Financial Department, dated August 23rd, 
1866, (No. 200,) and I will sanction whatever financial arrangements 
may be necessary for prosecuting those works with vigour. The rapid 
completion of remunerative irrigation works, wherever the conditions 
necessary to their construction exist, is an object of the first importance. 
For the attainment of it, I must now rely upon the energy of the 
Governments of India in preparing the necessary plans, and carrying 
them out when they have been approved.^^ 

From the Government of India, to the Government of Bengal, — (16th 

March 1867.) 

I am directed to acknowledge receipt of your letter No, 5236 
of 28th December last, submitting the plans and sections connected 
with Lieutenant Garnault^s Report on the Damoodah, and reporting 
that the completion of the inquiry is being prosecuted under Lieutenant 
Ileywood. 

2. The Governor General in Council desires me to convey the 
approval of the Government of India to the prosecution of the inquiry, 
and to express concurrence in the commendation bestowed by the 
Lieutenant-Governor on Lieutenant Garnault^s labors. 

3. I am further to add that the Governor General in Council 
trusts that the surveys and levels may be so carried out as to admit 
of a portion of the project being ready for execution during the uext 
working season. 
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4. To tltis end I am to observe that it is not necessary^ nor eVen 
desirable, that the entire system of storage should be arranged for and 
settled before the works of irrigation are undertaken. So great an 
undertaking as that of controlling the floods by storage reservoirs can 
only be carried out gradually and experimentally, and to such extent 
as may be justifiable by the returns to be obtained by irrigation and 
navigation on the canals to be constructed in connection with the 
reservoirs. (See pages 120 — 21, Bengal Selections No, XV,) 

5. But the works of irrigation and navigation may be under- 
taken at once on completion of the necessary surveys and estimates 
to such extent as there shall be water available in the river, or obtain- 
able by a small and easily executed portion of the storage works, 

6. A selection should therefore be made of a few of the most 
suitable sites for reservoirs, and detailed ‘designs and estimates for 
them, together with designs and estimates for head-works and canals 
on both sides of the Damoodah, including^ one for navigation to con- 
nect Rancegunge with the Hooghly, should be put in hand as spee- 
dily as possible ; the necessary surveys and sections being at once 
proceeded with. 

7. As it is understood that Lieutenant Heywood will proceed to 
England on leave in the course of this jear, the Governor General in 
Council will endeavour to place the services of an Officer experienced 
in irrigation works at the disposal of the Bengal Government to 
complete the projeet. 

8. In connexion with Mr. Schiller^s proposal to construct a canal 
for navigation only from Raneegunge to the Hooghly, I am directed 
to forward, for the information of the Lieutenant-Governor, copy of a 
correspondence with the Secretary of State ; and to request that the 
view therein expressed may be kept in mind, in case of the promoters 
of the scheme being disposed to take further steps in the matter. 

From the Government of India, to the Secretary of State for 
India, — (dated the 24th September 1866.) 

We have the honor to forward, for the information of Her 
Majesty^s Government, copies of the papers noted at foot, on the 
subject of a proposal put forward by certain gentlemen for the 
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construction of a canal to connect the coal-fiehls of RailCegungc with 
the Eiver Hooghly. 

2. It will be seen from these papers that the Government of 
Bengal suggested the advisability of combining irrigation with navigation 
in such a canab but we have informed that Government thab while we 
are disposed to consider favorably any project for a navigable canal in 
this region, the question of making it an irrigable one also must depend 
in great measure on the views of Her Majesty^s Government in regard 
to the agency by which works of irrigation should be undertaken. 

3, It will be seen that we draw the attention of the Bengal 
Government to certain other points which we considered it desirable 
should be brought to the notice of the promoters of the present scheme. 


From the Secretary of State for India in Council, to the Governor 
General of India in Council, —(No. 75, dated the 10th December 
1866.) 

I have had before me in Council your Excellency’s Despatch 
No. 149 of 24th September last, relative to a proposal put forward by 
certain gentlemen for the construction of a navigable canal to con- 
nect the coal-fields of Raneegungc with the River Hooghly. 

2. Except in one respect, your reply to this proposal appears to 
me to have been very suitable. The cost of the canal is, I observe, 
estimated at a million sterling, for the raising of which the j)romotcrs of 
the scheme think three years would be required to be followed by six 
years for the execution of the work. The prospect thus held out was too 
uncertain, as well as too remote to excite any very lively interest on your 
part; and as much countenance of the project as could reasonably be 
expected was given by the intimation that you would be glad to see 
it encouraged under Act XXII, of 1863, provided it should be found 
not to clash cither with the interests of the East Indian Railway 
Company or with any prior claims of the East India Irrigation and 
Canal Company to the construction of canals in the same region. 
Your additional intimation, however, that permission to combine irriga- 
tion with navigation in the canal must depend greatly on the views 
of Her Majesty’s Government in regard to the proper agency for 
constructing works of irrigation, appears to have been made under some 
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niisa]) 2 >rehensfbu. It seems to imply that some general rule is to be laid 
down as to the agency in question, and that, in the meantime, no 
proposals for the application of private enterprise to irrigation works 
can be entertained, ^ I do not, however, see the advantage of any such 
rule. I readily admit that there are many reasons w^hy it would be 
preferable for Government itself to provide completely for irrigation, 
throughout India, if Government had adequate means at its command* 
But the requirements of India in respect of irrigation are so vast 
and so urgent that I cannot think it wise wholly to reject the assistance 
of private agency in supplying them. One material objection to the 
employment of such agency is the difficulty of fixing the water rent, 
if it is to bear any determinate ratio to the increased fertility conferred 
by irrigation upon the land. This difficulty will best be met by aban- 
doning the attempt to establish any such ratio. The profit looked 
for by the Company who supply the water, and consequently the maxi- 
mum price chargeable for it to the cultivator, should be proportioned 
to the cost of supplying it, and not to ^he increased return which 
the cultivator may, by its means, contrive to extract from his land. 
With this proviso, the proper course, whenever any irrigation project 
may come under consideration, would seem to be to decide upon the 
question of agency accorJiijg to the merits of the particular case. If 
the project were one which app^'ared likely to be executed more rapidly 
or more satisfactorily by a Company than by the State, a Company 
might he entrusted with it. If no Company equal to the undertaking 
presented itself, or if there were special objections to the intervention 
of a Company in the particular instance, or if Government had at the 
time sufticient means readily available. Government agency would 
naturally be preferred. But nothing should, in my opinion, be done 
to hamper in any way GoverumenCs perfect freedom of choice, A 
general rule could scarcely be devised for ever varying circumstances, 
which would not be continually proving itself inai)plicable. 

From the Governor General of India in Council, to the Secretary of 
State for India, — (No. 40, dated the 16th March 1867.) 

We have the honor to acknowledge receipt of Lord Crauborne^s 
Despatch No. 75 of the 10th December last, on the subject of a pro- 
posal by Mr. Schiller and other gentlemen to construct a navigable 
canal from the coal-fields of Raneegunge to the Hooghly, near Calcutta. 
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2. We learn M^ith satisfaction that the reply we ifave caused to 
he made to the Government of Bengal on this subject is approved in 
the main. On one point, however, it is thought that we have written 
under some misapprehension of the intentions of HerMajesty^s Govern- 
ment as apparently understanding that it was desired that the employ- 
ment of private agency for constructing irrigation works should be 
altogether discontinued in case of funds being made available for 
carrying out works of irrigation by the agency of the Government 
Engineers. It will perhaps not be necessary for us to enter here upon 
this general question, since our reference to the matter of the prose- 
cution of works of irrigation by Government agency was made solely 
in regard to the individual case. 

3. It has been long in contemplation to construct works of ir- 
rigation from the Damoodah, and the question is connected with 
the formation of reservoirs in the upper reaches of that rivpr and 
other measures for controlling the floods. The works of irrigation 
being connected with these arrangements would probably not be very 
remunerative, while, in order to enable us to carry them out without 
burdening the general revenues with a large expense, it is most de- 
sirable that we should retain in the hands of Government all the profits 
that can be realized from the works. A very large and important 
part of the profits of such works would be from the very navigation to 
which the promoters of the canal scheme now under consideration 
look. It appeared to us therefore, that, in the event of sanction being 
given to the prosecution of the works of irrigation by the agency of 
the Government itself, a private Company should not be allowed to 
carry out this canal. Hence the reservation we made. 

4. If a private Company were allowed to undertake the entire 
project, it would doubtless carry out first the most profitable parts of 
it, and we should fail to realize the advantages to the country we 
expect in the combination of storage operations for the control of the 
floods with the works of irrigation and navigation. 

5. We now proceed to explain more in detail the nature of the 
project we have had in contemplation and the steps taken in regard 
to “it. 


G 
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0, The floods of the Damoodah have been for years a source of 
trouble. The Government had long ago entered into agreements 
mth the Zemindars to keep np the embankments. Year after year 
the embankments were repaired, and year after they were breached. 
The floods let suddenly on the land, after being for a time held up by 
the embankments, were more disastrous than if they had spread 
quietly over the country from the first. At last, in 1851, Colonel 
Beadle (then Lieutenant) suggested that the Government was attemp- 
ting an impossibility, and that the lower channels of the river would not 
carry off between the embankments the volume of water which in floods 
poured down from the upper course of the river. Surveys were made 

and levels taken, and on these being 
Ko. xv.f^age?i2ord m? Submitted to calculation,* it was i roved 

that Colonel Beadle^s notion was 
correct, and that no practicable height of embankments, and no prac- 
ticable* width of channel left between the embankments, would suffice 
to carry off the floods. And, ultimately, the Government adopted his 
proposal to throw down the embankments of the right bank of the 

river, in order to save the country on 

Bengal Selections No. XL., pages 2c. to flood.f 

7. No breach has ever occurred in the embankments of the 
left bank since. The measure has therefore been so far a perfect 
success. But it was further a question whether the country on the right 
bank had suffered in consequence of the removal of the embankments. 
The result of the last enquiries on this subject was to satisfy the 
Lieutenant-Governor of Bengal that there was a considerable amount 
of damage to the laud, and even misery to the people in the tract 
thrown open to the inundations, though it is still doubtful whether, 
on the whole, it may not have benefited. 


8. His Honor therefore decided that the Public Works Depart- 
ment should undertake an inquiry regarding the upper basin of the 
Damoodah, to see whether it might not be possible to store the water 
in reservoirs, so as not only to stop the floods, but to obtain the 
use of the water for inigation in the dry season. This measure 


X Bengal Selections No. XV., page 120. 


had been suggested in 1853J as the 
dhly completely satisfactory means of 
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removing the evils which the floods produced. * Its practicability, how- 
ever, must depend upon the possibility of utilizing the water for irriga- 
tion and getting it paid for accordingly; for the expense of the storing 
must be so great that it would be out of the question to incur it except 
on the prospect of an adequate return. 

9. About the time the Government of Bengal resolved to make 
the investigation, the East India Irrigation Company had commenced 
its inquiries, and, at the suggestion of the Agent, the Lieutenant- 
Governor of Bengal proposed to withdraw from the field and leave the 
inquiry to the Engineers of that Company. This the Government of 
India objc'cted to, and ordered the inquiry to be prosecuted by the 
Government Engineers. This was reported to Her Majesty^s Govern- 
ment in our Despatch No. 74 of 5th November 1865, and. approved in 
Sir C. Wood^s No. 5 of 9th February 1804. 

10. The enquiry was accordingly commenced by Lieutenant 
Garnault, u. e. Circumstances, however, prevented that Officer from 
devoting more than two-and-a-half months to the object, and of course 
it was not to be expected that any very satisfactory result could be at- 
tained in that time. Lieutenant Garnault, however, established the 
practicability of constructing four reservoirs to contain about one-fifth 
of the water which he calculates it is necessary to store in order to 
fully control the floods. 

11. His report was received in October last without the plans. 
As no authority had been received for raising money to carry on works 
of irrigation, the matter had not been considered urgent by the Bengal 
Government. But when the report reached us, the prospect of con- 
structing irrigation works had become more settled under Lord Hali- 
fax's Despatch No. 266 of 30th November 1865, and, with reference to 
the concluding sentence of paragraph 13 of that Despatch, the atten- 
tion of the Bengal Government was drawn to the necessity for com- 
pleting the survey in connection with the orders we had issued for 
pushing on the preparation of irrigation projects. 

12. The plans have now been submitted by the Bengal Govern- 
ment, with an intimation that Lieutenant Heywood, r. b., has been 
deputed to complete the investigation. Lieutenant Garnault has been 
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obliged to go to England on sick leave, it is believed, owing to fever 
contracted during his survey.' 

13. We have now further instructed the Government of Bengal 
to prosecute the survey vigorously, and to have some portion of the 
project ready for execution by the next cold season. A copy of our 
orders and previous proceedings are submitted. 


From the Government of Bengal, to Messrs. Goodenough, Peterson, 
AND Schiller, — (3rd May 1867.) 

In continuation of my letters No. 3483 dated the 27th 


L(*ttcr JIVom Government of India No. 34/. 
dated 16th March 1867, enclosing letter 
js^o. 149 dated the 24th September 1866 from 
that Oovcrniuont to Secretary of State, 
Letter No. 76 dated the 10th December 
1866 from the Secretary of State to Govern- 
ment of India. 

Letter No. 40 dated the 16th March 1867 
from Government of India to Secretary 
of State. 


August and No. 4014 dated 29th 
September, last, I am directed by 
the Lieutenant-Governor to forward 
to you a copy of the further cor- 
respondence marginally noted. 


From the Government of Bengal, to Officiating Superintending Engi- 
neer, Presidency Circle, — (3rd May 1867.) 

With reference to my letter No. 4011 dated the 28th Septem- 
ber last and previous correspondence relative to the construction of 
reservoirs for controlling the floods of the Damoodah, and of a canal to 
connect Raneegunge with the River Hooghly, I am directed by the 
Lieutenant-Governor to forward herewith a copy of a letter No. 34/. of 
the 16th March last, received from the Secretary to the Government of 
India, Public Works Department; and to state that a copy of this letter 
will be forwarded direct to Lieutenant Heywood, with instructions to 
prepare his report, as far as possible, so as to meet the wishes of the 
Government of India, as expressed in paragraphs 3, 4, 6, and 6. 

2. An Officer to carry on the work will also be appointed before 
the cold season ; meanwhile, if it is possible for you to help on the work 
in any way, as by keeping registers of rain-fall, observing floods, &c., 
you are requested to do so. 

Copy forwarded to Lieutenant J. M. Heywood, r. b., for infor- 
mation and guidance, and with the request- that he will prepare and 
submit his report as soon as pdssible. 
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Cojyy of a Despatch from Secretary of State dated Way 1867 yj?r- 
warded by Government of India to the Government of Benyal on the 
8th Inly 1867, with a request that the whole matter may be brought 
prominently to Lieutenant-Colonel Rundall^s notice^ on his assum^ 
mg charge of the Irrigation Department under that Government 

have received and considered in Council your Despatch 
(No. 40) dated 16th March 1867, on the subject of the contemplated 
works for controlling the floods of the Damoodah River, and for the 
formation, in connection therewith, of a Canal for irrigation and 
navigation. 

2. The interesting report of Lieutenant Gamault has established 
fche practicablity of forming reservoirs on the head waters of the 
Damoodah, and of thereby lowering the level of the floods more 
than one foot, thus alleviating the injury done to the tract on the 
right bank of the river by the inundations to a very considerable 
extent. It seems very desirable that these works should be com- 
menced as soon as possible, provided that there is sufficient assurance 
that the water can be made available for irrigation, and I am glad 
bo perceive that you have ordered the survey to be hastened, so that 
some portion of the project may be ready for execution this year. 

3. Your reasons for declining the offer of Mr. Schiller to con- 
struct a navigable Canal from the coal-fields of Raneegunge to the 
Hooghly, as applied to this individual case, appear to me to be per- 
ectly sound.^^ 


Orders by the Government of India, dated Simla, the 20^;i August 1867, 
on the recommendations of the Commissioners on the Famine of 1866 
in Bengal and Orissa. 

Bead — 

Report of the Commissioners appointed to enquire into the Famine. 

Resolution. — The recommendations of the Commissioners relating^ 
to matters connected with the Public Works Department have been^ 
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considered by ttie Govefnor General in Council separately under the 
foWowing heads : — 


7 . — Measures relating to Orissa sj)eciaUg. 
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II. — Projects leyond Orissa., 

* * *. * 

10. The utilization of the waters of the Damoodah and neighbour- 
ing rivers, and the formation of reservoirs on the hills west of Bengal, 
have already long engaged the attention of the Governments of Bengal 
and of India, and Reports from Lieutenants Garnault and Heyvvood, of 
Royal Engineers, have been received; but now that a Chief Engineer of 
Irrigation for Bengal has been appointed, the subject should at once be 
taken up and dealt with more vigorously and systematically than 
hitherto. 
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Report ly Lieutenant J. M. Hey wood, r. e., of the result of his inves- 
ligation of the Upper Damoodah, submitted to Government on lit A 
September 1867. 

In accordance with instructions received from the Chief Engineer 
and Colonel Short, (late Superintending Engineer, Presidency Circle,) 
I proceeded in October 1866 to Hazareebaugh to continue the examina- 
tion of the upper reaches of the Damoodah and its tributaries, which 
had been commenced by Lieutenant Garnault. 

2. The object in view being to discover sites suitable for reser- 
voirs to keep back the inundating floods and store the excess water 
for future use, either to irrigate the neighbouring land or increase the 
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available flow of the lower Damoodah daring the*dry seasftn, and thus 
form a source of supply for canals, and it being impossible to present 
a complete scheme without a thorough examination of the whole dis- 
trict, (7,000 square miles,) I determined to visit every affluent of the 
main Rivers, — Damoodah and Burrakur, — and not to delay on any one 
till this was accomplished. I was able to move into camp on the 2nd 
November, and continued the exploration of the upper reaches of the 
Damoodah till the end of December. 

3. During January and February I was engaged on the Burra- 
kur, and for the greater portion of March on that part of the Damoodah 
between the Jumoonea and Burrakur Rivers. Towards the end of 
March I was compelled to give up survey work and proceed to Calcutta. 
In that time I levelled about 233 miles, and visited every affluent of 
any size both on the Damoodah and Burrakur to the north of their 
junction. 

4. The two Sub-Overseers sent from Calcutta to assist me joined 
my camp at the end of December and were wholly employed on a 
detailed survey of the site of the proposed reservoir at Burliee. They 
were unskilled in the use of the survey instruments and were only able 
to complete that single work. 

5. I found 14 si^es more or less vSiiitable for reservoirs, which, with 
the four discovered by Lieutenant Garnault, gives a total of IS. A 
description of each will be given in a subsequent portion of this Report. 

6. The data necessary to arrive at correct conclusions as to the 
amount of water to be stored up are doubtful, and the calculations can 
only be considered approximations j but, as I have always taken the 
higher quantities, no mistake of any importance can occur, 

7. The rain-fall in and near the catchment basin has been noted 
at Calcutta, Burdwan, Bancoorah, Sooree, Hazareebaugh, and Ranehee, 
with the exception of Sooree (the return from which place has not 
reached me). I have been able to procure copies of the monthly fall at 
all these places for the eight years ending December 18G6. 

8. At Hazareebaugh, both the Civil Surgeon and Executive Engi- 
neer keep rain gauges, but the differences in their Registers are too 
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great to renfler them of any use as ehecks upon one another, I have 
therefore, in the following calculations, used the one giving the highest 
results. 


9. The mean yearly rain-fall at Calcutta is 69*57 inches. 

" Burdwan 59*88 „ 

Bancoorah 54*70 „ 

Hazareebaugh 75*52 ,, 

Ranchee 89*28 ,, 

showing a very considerable and progressive decrease towards the source 
of the river, except where the Hazareebaugh plateau intervenes. Tlie 
precipitation of rain on this portion of the basin is only locally exces- 
sive, as Ranchee, situated on ground as elevated as the station of 
Hazareebaugh, only receives 39*28 inches, or little more than half. 

10. The determination of the mean rain-fall over the whole of 
the catchment basin cannot be exactly made, owing to the paucity of 
the places where gauges have been kept, but the nature of the country 
where they have been noted will be a valuable guide. 

11. Hazareebaugh is situated on an undulating plateau 2,000 feet 
in height. This, however, extends over a very limited extent of ground, 
as nine miles to the north of the station it drops suddenly 500 feet, and 
10 miles to the south-west about 650 feet. On the south-east side the 
slope is more gradual, the fall being about 780 feet in 80 miles. I 
consider, therefore, that it will be an outside estimate if I assume 900 
square miles as the area of this plateau above the height of 1200 feet, 

12. To the south of the plateau, from the source of the Damoodah 
to the junction of its affluent, the Gurgee Nuddee, or an area of 2,100 
square miles, a mean between the rain-fall at Hazareebaugh and Ranchee 
will probably be the most correct; and to the junction of the Burrakur, 
or 1,200 square miles, the observations made at Bancoorah will supply 
the most reliable data. 

13. The basin drained by the Burrakur, or 2,700 square miles 
may be considered as affected about equally by the rain-fall at Hazaree- 
baiigh and Bancoorah. 
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14. The mean yearlj' rain-fall on these suppositions will he 62*314 
inches, and during the years — 


1800 

39*55 inches 

1801 

61*97 „ 

1862 

73*65 „ 

1868 

72*79 „ 

J.s6t 

40*61 „ 

1865 

65*85 ,, 

1866 

77*18 ,. 


15. The greatest monthly rain-fall occured at — 
Hazareehaugh in August 1862, and amounted to 31*13 inches. 


Kan dice 

in July 

JS64, 

*9 

to 16*90 

99 

Bancoorah 

ill July 

1862, 

99 

to 22*10 

99 

Buvdwan 

in July 

186 J, 

9 > 

to 24*95 

99 

Calcutta 

in June 

1861, 

99 

to 26*44 

99 


16. The greatest daily rain-fall noted since 1858 was — 

At Hazareehaugh 13 inches on the 25th September 186.3. 

„ Fancoorah 9*20 ,, „ 22nd ,, I860. 

„ Burdwan 8*70 ,, ,, 26th October 1858. 

,, Calcutta 4-20 „ „ 2nd July 1866. 

17. The water thus precipitated in the form of rain either drains 
off the surface of the ground at once, disappears by evaporation, or 
sinks into the ground. In the latter case, a portion eventually flows off 
into the natural discharge channels, a portion sinks to the subsoil and 
remains there, and the reoiainder is absorbed in nourishing the rank 
vegetation which covers the whole of* the basin. 


18. The quantity of water taken off by evaporation during the 
entire year, whether from the surface of the streams, tanks, &c., or 
from the moist soil, must be very large, though during the heavy flot)ds 
the amount removed may be small. 


H 
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19. The following table gives the result of a set of experiments 
conducted at Burdwan in the years 1861 to 1866 inclusive : — 
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20. The number of days on which rain fell was as follows ; — 


Montli. 

1861, 

1862. 

1863. 

1864. 

1866. 

1866. 

Bemarks. 

January 


1 




3 

Rain-fall at JBurdwan, 

February 


• . . 

i 

i 

4 

7 


March 

... 

2 

• * • 

1 

2 

1 


April 

• * . 

4 

5 

1 

3 

5 


May 

13 

9 

9 

8 

11 

4 


J une 

12 

11 

20 

6 

8 

16 


July 

18 

21 

14 

20 

19 

16 


August 

13 

13 

19 

14 

12 

25 


September 

16 

15 

10 

10 

12 

16 


October 

8 

11 

7 

1 


1* 

♦ This is, I think. 

November 

4 


1 

1 



incorrect. 

December 

1 

i 

... 

... 

i 

... 


Total 

85 

78 

86 

63 

72 

103 



21. Combining these tables, we obtain the following : — 


Duration of Timb. 


1860.61. 1861.62. 1862.63. 1863.64. 1864.65. 

A.| B. I 0. A.| B. I 0, A,1 B. | C A. | B. | 0. A.| B. | C, 


i October, November, De-*) 
cembor, January, Feb- > 
ruary, and ^ March ...) 


24*60|0'17 2470|;0']7 24-86IO-108 22'00, 0*163 


i March, April, May and \ 
June 




10*801 0*22 22' 13‘60| 0*19 U*70l0*18 13*20l0*18 


* '^“emberfiid”i‘'ootobOT ■ 67H»-SO| 0-30| 9-3O|0-168| 10 - 80 | 0-177| «1 6-84|0-076'- 46| 16-10| 0-198 


* Inooxnplete. 

A. being the number of days on which rain fell. 

B. „ „ of inches of water evaporated from the cistern. 

C. „ the amount evaporated on each day oa which no rain fell. 

From this last column, it appears that about 0*17 inches will 
represent the daily amount removed by evaporation on dry days 
throughout the year. 
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22. r ha^e not ^aufBcient data to compare the number of rainy 
days in different portions of the basin^ but from the following Table 
I conclude that they occur less frequently at the source : — 




1803. 



1868. 


ISaine of Month. 

d 

oS 

p 

X 

Banceorah. 

Hazareebaugh 

d 

as 

u 

P 

pq 

Bancoorah. 

Hazareebaugh. j 

Remarks. 

January 

Ft'bruary 

0 



3 

2 



1 

... 


7 

3 



March 

0 



1 

1 



April 

5 

. . . 


5 

4 

. . . 


May 

9 



4 

2 



J line 

20 

13 

10 

16 

12 

10 


.Tilly 

14 

12 

19 

16 

13 

20 


August 

19 

17 

11 

25 

19 

26 


Si‘pt(‘inl)er 

10 

11 

13 

15 

12 

12 


October 

7 

4 


1 

2 

, , , 


IMoveniber 

1 


. . . 

0 

0 

• • » 


December 

0 



0 

0 



Ilainy days from June to Sep- 








tember 

63 

53 

53 

72 

56 

68 


Rainy days from January to 
May and October to Decem- 








ber 

23 



21 

14 




Mean number of rainy days from June to Septi^mber at Burdvvan ... .67 1 
Ditto ditto ditto at Bancoorah... 54 4 

Ditto ditto ditto at Hazareebaii;^b 60i 

23. The difference would, however, only slightly affect the co- 
efficient OT 7" which may be safely used as the measure* of evaporation 
oyer the whole basin under the conditions mentioned in paragraph 21. 

24. Evaporation removes water with greater rapidity from moist 
soil than from stagnant water. Lieutenant Ludlow made a series of 
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experiments on this point at the Madras Observatory, Vrom which I 
extract the results noted on the four days of greatest rain-fall,-— 


On the 10th June 1814 . . 1'635" of rain fell 

17th „ „ .. 2*548'' „ 

,, 7th July „ . . 2*3:35" „ ,, 

„ 6th August „ .. 1*808" „ ,, 

The proportion between the amount evaporated from saturated soil and 
from the water surface was — 


1*303 

1*096 

1*120 

1*231 

This being the 
•2018". 


1 

; 1 
1 

I or a mean of 1*187 : 1 between ^ ^ more, 

case, the daily depth of water removed would equ:il 


25. h'xperimcrits made in Europe give different results to this, but 
they vary so much as to afford no guide. 

2G. Assuming, therefore, that the figures above are correct, and 
adopting the following su})positions, — 

1.9/, — That ird of the basin is annually under rice cultivation ; 

— That from the middle of June to the middle of October this 
^rd partis under water; 

3rdj — That after each day of rain the whole basin is saturated for 
one day ; and combining the fact tiiat from the 15tli of June to the 
15th of October the number of rainy days is 54, and consequently of 
dry days G8, and from the 15th of October to the 15th June, 23^ and 
2194 respectively, I deduce the following, — 

Itf/, — That the water evaporated from Jrd of the 

basin during the rainy season ... ... 11*64 inches. 

2ndy — Ditto ditto for the remainder of the year = 4*64 „ 

— That the water evaporated from the other |rds 
of the basin during the rainy season ... = 13*82 „ 

4/^.^ — Ditto ditto for the remainder of the year... = 4*64 „ 

or a mean for the whole basin per annum of 17*70 inches. 



( 54 ) 


27. Eva{>oration,'’liowever, depends so much on the temperature 
of the land or the force and direction of winds, on the clear and electric 
state of the air, oh the nature of the soil and cultivation, it having a 
maximum intensity on a naked soil, and a minimum where the ground 
is covered with woods, &c., that any calculation of its amount can only 
be considered as a guess. I have, however, considered it right to try 
and make an approximation. 

28. The quantity of water which drains off the surface of the 
ground direct into the river, or subsequently finds its way there through 
the subsoil, &c., can be more accurately determined. 

29. From a section taken by Lieutenant Garnault across the 


Lamoodah at lianeegunge, I have prej)ared tlie table below : — 


Height on 
Gauge. 

Discharge in 
cubic icet 
per section. 

Area in 
superficial 
feet. 

Slope oi 
bed. 

f 

Eemahks. 

1 

Phot 

35 


4-09 

The slope was not entered on 

2 

Feet, 

314 



the section, but calculating 

Q 

1,519 

()2G*5 


backwards from the diseshargo 

O 

}} 

99 

at 19’29', or 348 6*57*48 cubic 

4 

99 

4,835 

1,402 

99 

feet per section, I make it 
409'. 

5 

99 

8,093 

2,737 

99 

6 

99 

18,775 

4,804 

99 


7 

91 

31,754 

6,838 

99 


8 

99 

47,321 

8,937 

99 


9 

99 

64,S5G j 

11,046 

99 


10 

99 

84,109 

13,165 

99 


11 

99 

105,130 

15,295 

99 


la 

99 

127,580 

17,434 

99 


13 

99 

151,510 

19,584 

99 


14 

99 

176,800 

21,74.4 

99 


15 

99 

203,360 

23,914 

99 


IG 

99 

233,311 1 

26,121-28 

660-89 



17 

99 

265,341 1 

28,311 68 
1,348-90 

}'■ 


18 

99 

296,265 1 

30,530-69 

2,119-14 



19 

99 

831,861 1 

32,821-67 

3,049-60 



19-29 

99 

343,657-48 
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30, The discharge in cubic feet per second of* the Bivttr Damooclah 
at Raneeg^unge for every day from the 1st of June 1860 to the 31st of 
December 1866 has been computed by the aid of this table and of 
those entered on the following pages,* which latter are extracted from 
the gauge registers kept in the Burdwan Office. 

31. The compaiisoii between the quantity of water shed off and 
the rain-fall has been determined from the table below, which has been 
worked out in accordance with the rules laid down in paragraphs 11 
to 13. 


Kamc of month. 

I860. 

1861. 

1862. 

1863. 

1864. 

1865. 

1866. 

J anuary 

0 000 

0-2448 

0-387 

0-0718 

0-000 

0-529 

1-210 

February 

0-494 

0-000 

0-000 

0-000 

0-127 

1-307 

4-630 

March 

0 869 

01317 

0-364 

0 000 

0-410 

3 246 

0-652 

April 

0-782 

0-1635 

0-997 

0-147 

0-850 

3 026 

2-855 

May 

0 2741 

2-780 

0-997 

2-165 

2-937 

10-143 

0-682 

June 

4-114 

6-950 

O 

O 

rH 

12-904 

7-710 

9-513 

1 4-757 

J uly 

18-900 

18 471 


21-000 

!n 900 

21-503 

18-141 

August 

12117 

7-624 

19-480 

13 277 

8 762 

8 873 

15-518 

September 

4-620 

12-861 

5-865 

17-864 

j 

5-223 

1 7-284 

14-020 

October 

2-880 

11-334 

8-860 

4-294 

1-540 

0-1847 

4-573 

November 

0-000 

1-082 

0-000 

0-147 

1-152 

0-240 

0-140 

December 

1 

0-000 

0328 

0-000 

0-573 

0-000 

0-000 

0-000 


* See Appendix 1. at the end of this Tolume. 
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32* Ilmcmberiijg that 1 inch of rain-fall equals 2^323, 200 cubic 
feet of water per square mile, and that the area drained is about 7,000 
square miles, the numbering of inches of rain shed off is as follows : — 


Month. 

I860. 

1861. 

1862. 

1863. 

1864. 

1865. 

1866. 

January . . 


0-001 

0-2207 

0-577 

0-2365 

0-2508 

0-0408 

t\*bruary . . 

, , , 

0-006 

0-074 

0-310 

0-2128 

0-4362 

0-4501 

March 

. « . 

0*008 

0-175 

0-1477 

0-1219 

1-161S 

0-0312 

April 


0*0009 

0-0215 

0-12^8 

0-033 

1-1946 

0-3828 

Mny 

. . . 

0*6189 

0 227 

0-4991 

0-1315 

4-808 

0-4062 

June 

. . . 

5-857 

4-4509 

4-8589 

1-4957 

4-665 

4-2112 

July 

8-961 

10-812 

16-844 

10-700 

8-7367 

10-955 

10-2100 

August .. 

7-14:} 

6-2^8 

13-448 

8-513 

11-133 

8-832 

19-4630 

{September 

1-909 

13-0.39 

6-481 

10-518 

7-8715 

8-7078 

12 7540 

Oetubor . . 

0-51.2 

12 359 

9-528 

7-827 

1-3051. 

0-315 

4-9693 

November 

0-004 

0-921 

1-424 

0 886 

0-9263 

0-066 

1-0282 

December. . 

o-oui 

0-465 

0-758 

0-402 

0-3925 

0-0467 

0-2122 

Total . . 

18-62 

50-403 

53-655 

45-369 

32-5968 

41-4693 

54 160 


and comparing these with the rain-fall the results are— » 


Year. 

Inches of 
rain-fall. 

Inches 
drained off. 

Proportion ot 
rain -fall 
drained off. 

1800 

33-517 

18-622 

*5556 

]S()l 

t)i 97 

r>()*4(K5 

•8132 

1862 

73-65 

53-655 

•7285 

1863 

72-795 

45-309 

•6233 

1864 

40-61 

82-596 

•8027 

1865 

65-85 

41-469 

. -6297 

1866 

77-178 

54-160 

•7017 

Mean 



•6929 


.7 

vi^., nearly rjj- of tlic whole yearly rain passes off through the drainage 
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ckannels, and this applies also to those portions of the ycafr in which the 
heaviest rain falls. 


MoNrn. 


Year. 

Rain-fall. 

Inches 
drained off. 

Proportion of 
ruin-fall 
drained off. 

Remarks. 

June, July, Au” 
September 

list, and 

1861 

4,'>-900 

30-027 

•784.8 


JUtto 

ditto . . 

1862 

62*015 

41-221. 

•0614 


Ditto 

ditto ... 

1803 

05-01.5 

3k5cS00 

•5318 


Ditto 

ditto . . 

180-1. 

33-595 

29*2369 

•8704 


Ditto 

ditto . . 

1 865 

47-173 

33*1508 

•7029 


Ditto 

ditto . . 

1806 

04-430 

46*0382 

•7471 


July, August, and Sep- 
tember 

1860 

30-637 

; 18*073 

•595 


Aleaii 

. 

... 

... 

! 

•6994 



The iJiaxiraum rain-fall occarred in July 1802, the amount having 
been 2 1*30 inches, and the pro])ortion drained oil was nearly equal to 
-i-lhs. 


33. The drainage which separately passes down the upper Damoo- 
(lah and Burrakur can only be determined approximately, as the only 
continuous gauge readings recorded in either of these rivers are those 
noted on the latter during the rains of 18C6. 

31. From three sections taken, one at the site of the new bridge 
across tho Burrakur, near Taldargo, the second immediately below, and 
tlic third 2 miles further down, I find tln^ highest discharge in cubic 
feet p \c section to have been 132,540 cubic feet. 

144,169 „ 

143,450 „ 


Mean 


140,153 
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85. Frorfi the firs^ section I have prepared the following table 


Height 
ahove bed. 

Area. 

Discharge 
cubic feet per 
Section. 

Feet. 



1 

102-3 

241 


r 259-3 


2 

1 lGl-72 ) 

1,231 


r 580-3 "I 


O 

1 355-87 5 

3,1G0 


r 877-00 


4 

\ 594-50 J 

5,560 

5 

2334-75 

10,530 

G 

3187-75 

16,445 

7 

4023-70 

• 22,824 


500-895 

31,OG2 

V 

6308-85 

44,091 

10 

74G9-05 

52,118 

11 

8363-90 

60,577 

12 

9517-27 

72,933 

13 

11027-53 

78,691 

14 

12592-2 

92,591 

15 . 

1460G-04 

112,280 

164 

16453-83 

132,540 


Bemarks. 







( 59 ) 


ssssssss ggssss 

: : : . . . . . .^ . . . . 


1S58^S‘ 


. > 


^ s I g rszssr*rjz’^^ 7 ^*;*** 
*^*b 

C$»Or-l W 5 QOOOOCOOiMOOuS COU 3 tOO»HlO 

00 ^ ® *■«. P p JO » O CO 00 00 P P P »«» IM >p p 

Tt* is- io lb isi to o oo C) o ^ ^ ob (b «b £-• cb ib To 

T—t r-l •-« 


' P p p W ip lO p sfl P tH p ^ CO ‘p 

CO 6o®QO<r>is,<b(j3tbibib 


ooeoocDto»ocor-io*oo<Mooocopco 
poOpTiis-p ji«p(>lp-j<p«pi7Hp«7< 
tO'^iboA^doocO'^obj^rscotbiLbcbio 


I lO W p p P ip p p p 7H p »:• 

00 OQOQOJt^Jt'. 0 «OCO»b(£> 


Hp-f«0*pp'7HOp'H<7-ppVs»P'H<*p 
> »b r? <b O O 05 6s CX) 05 t- is* OD ‘b tb 05 ib 


CO 1(5 O o O r-li0«00«0cop 
<p JO 10 *0 : i-s T-i p »'• <:-« p 

ocobo cb tb •rpcococb’^ooib 


oooo-^rHOOcooco«oeocoo 

.piO»«pj 1 <ppi^ppi;'-MrH‘p . . 

• ba lb CO »*o io lb s** eo I® *b *b ''i* • * 


O-HIO O— COCOO‘OCOCOCOO 

O 0 > ^ ■«+ o •;+ p - 7 - Ip I 'S CO P <P »p 
bi CO o is tb b ^ eo bi CD cb io 


10 CO O CO CO lO r-l .-I OO »0 CO CO 00 CO p eo »o 

^ CO o p j-s ^ ^ lO rs to p ip tH p p 

CO 00 ® b <b *b kb ^ CO 'b eo (b b lb CO 


; p : O 06 p ; 7^ O » Q 

*05 *b>bb ‘bcob 


• r-« b b »b cb * o is tb b b CO * J 


*5 t2 *5 -5 *5 *5 -S '5 :S 


^ UD H xll 

lO CO 00 C 35 O rH 0 » 00 "Ht to to r-^ -y) 0 > o 
«^,_lrHrH<y<IM(51«NCM<NOI<M(M(MC0e0 


( 60 ) 


30. Piiiiding thcSe totals by 2,323,200 % (area of basin in sqaard 
miles) 2,700, and comi)aring the results with the rain*fall, we have^ 


AIontu. 

Inches drain- 
ed off per 
square mile. 

Inches of 
rain. 

Proportion 

drained 

off. 


June IStli to 30tli 

3-48G1 

1 14-^0 

-2154 


J 111 y 

! 7 -48(31 

10-00 

-:304() 


August 

lo-ssso 

10-55 

-6500 


September Ist to 20th ... 

7-7088 

11-48 

-6793 


Mean 

*20*020 

Cl -23 

-4036 



or a little less than ^ of the rain-fall is carried oiF by the river, but 
the experiments are too limited in number to draw correct conclusions 
from, and therefore I shall assume that -f^,-ths of the rain-fall is the mean 
(juantity which flows off the basin, both of the Upper Damoodali and 
llurrakur. This g*ives a depth of 43‘l(i98 inches per annum, and, as 
according to previous calculations, 1 7*7000 inebes represent the amount 
evaporated, the total ()0*8()98 subtracted from the mean i^ain-fall 02*314, 
or 1 •4112 inches, will be the remainder which percolates through the 
soil, or is taken up to sustain vegetable life, &c. 

37. Infiltration dej)eiids so entirely on the permeability or im- 
permeability of tlio soil, and this varies to such an extent in the 7000 
Bijuare miles of area forming the basin under consideration as to render 
it quite impossible to check the calculation I have given above. 

38. Mr. Oldham in a communication addressed to me writes ; — 
The permeability of the rocks varies most materially in different parts 

oi the same* basin. The Rivers Damoodah and Burrakur both flow in 
parts of their course through rocks of vastly different* texture and 
cliaracter, the open free sandstones and pebble beds of the coal measures^^ 
absorb and retain a very much larger amount of water than do the 
closer and harder beds of gneiss, and this rule is general, notwithstand- 
ing that you will find among the latter open and very porous beds, and 
among the former stiff clays, which are almost entirely impermeable/" 
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39. The proportion of water taken up t6 nourishgrcgetable life 
is still further removed from the field of accurate calculation, but there 
is no doubt whatever that large quantities are absorbed by the roots of 
trees, &c., and transjnred from the leaves, &c., in every portion of the 
basin. 

40. To complete the required data, it becomes necessary to ex- 
amine the j)heDomena connected with those great floods of which obser- 
vations have been recorded. 

41. These have been noted at various places, the principal ones 
being Raneegiinge and Edilpore; the former is situated at a point wliere 
the whole body of the drainage water passes down in the channel ; the 
latter, nearly where the overflow commences : a rise of 10 feet on the 
Edilpore gauge shows that the bank is tojiped. 

42. In 1857 the liighest flood occurred on the 24th August, on 
which date the rise at Edilpore was 13 feet. 

On August 22nd the gauge reading was 7 feet. 

a a 

}} 9 } 

99 99 „ 

Between the 23rd and 24th the river rose 34 feet in 24 hours, so 
that during 20‘f hours it was above its bank ; this continued till the 
25th, and between the 25tli and 2Gth for about 10| hours, giving a 
total of hcarly 2 days and 7 hours for the time it was above safe 
level. 

No estimate of the volume passed off can be given for this flood 
or those of 1858 and 1859 in consequence of the absence of readings 
at Raneegunge. 

43. Ill 1858 the Damoodah did not rise above its banks at 
Edilpore ; but in 1859, on the 28th July, a most destructive flood 
occurred, the gauge reading at Raneegunge being 18' and at 
Edilx^ore 14' G". 

Mr. Smith, the Executive Engineer of Burdwan, thus described 
it : — At Edilpore the river commenced rising from a level of 5 feet 


99 

99 

99 

99 


23rd 

21th 

25th 

26th 


99 

99 

99 
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very early uijibe taorHiag of the 2Sih of July, and at noon attained 
its greatest height level of 14' 6", vhich it maintained for S hours. 
At 3 o'clock P. H. it began to subside, and fell one foot by 6 o’clock 
the same evening, and the following day at noon it was down to 
10' 6" on gauge.” 

The number of hours therefore the Damoodah was above an 

inundating level was— 

Between 27th and 28th HtV hours. 

„ 28tli „ 29th 24 „ 

j, 29tb ,, 30th „ 

Total ... 40 hours, or 1 day and 16 hours. 


44, The gauge readings and rain-fall in the basin arc shewn in 
the following table 

TiTlim ^ 


t)D ^ SjD 

ci Ch ^ 

&JD . O 53 


. to 

: 2 J 


a Remarks. 

3* S -a 3 S I g -S a .3 « .9 S 


D.y. S-g 3^5 .|g II 

g pel 1 W pH « 


25th 6' 0" ... 0-79 0-50 I-IO 


Ditto . . 26th 6 2 


Ditto .. 27tli 5 0 


f 0-80 0-00 


1-SO 3-30 


28th 14 G 18'0 0-21 O'OO 0-00 « 


29th 10 G ... 0-00 0-00 0-00 


30th 8 0 ■ ... 0-00 0-00 020 


31st C 6 I ... 0-00 1-60 0 90 
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45, In 1860 the greatest flood took place bn the a7th of July ; 
the probable duration was — 

Between the 25th and 26th hours. 

„ 26th ,, 27th 24 ,, 

,, ,, 27th 28th 24 ,, 

,, ,, 28th ,, 29th 7i „ 

Total ... 60 hours, or 2 days & 12 hours. 


Date. ^ 

O © 

tS ^ 

0 

a ^ 
o 

© * 

if ® 

Jzj ^ be 

Height on the 
Edilpore gauge. 

Eain-fall at Cal- 
cutta. 

Rain-fall at Burd- 
wan. 

Eain-fall at Ban- 
coorah. 

Eain-fall at Haza- 
reebaugh. 

Kemarks. 

Month. 

Day. 

July . . 

23rcl 

10' 0" 

3' 2" 

1-85 

1-30 

0-00 

0-52 


Ditto . . 

34th 

9 0 

5 9 

0*12 

0-00 

3-50 

1*18 


Ditto . . 

25 th 

17 0 

6 8 

3-84 

1-90 

1-70 

0-73 


Ditto . . 

2Gth 

18 0 

10 10 

3-03 

0-80 

1*80 

0-54 


Ditto . ; , 

, 27th. 

17 % 

12 a. 

0-00 

1 

1-10 

0-30 

0-12 


Ditto . . ^ 

, 28th. 

12 6. 

10 9. 

1-10 

0-30 

0-40 

1-00 


Ditto . . 4 

, 29th« 

10 3. 

QO 

0-28 

0-10 

0-40 

0*96 


Ditto . . 1 

, SOth. 

8 6. 

6 9. 

0-49 

0-00 

0-30 

0-00 



46. From this table some approximation to the actual overflow at 
Edilpore 8an be^made. 

The river commen'Sed rising at llanccgunge betweeh the 24th and 
25th, the j^ate being 4 per hou%; it may have risen more rapidly, but 
the gauge readings are only taken once a day. On the 25th it stood 
at 17', aifll on tUe 26tlfhad nftuntcd to 18', from which it fell on the 
27th to 12' 9" or 2*62" per hour. Assuming the duration of the 
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flood to havAibeeii abdiit the same at Raneegunge aud Edi], pore, though 
it is more likely to have been prolonged at the latter place on account 
of the diminished depth of water and the lesser slope of the bed, I 
calculate the discharge to have been 57,802,587,906 cubic feet. 

47. At Edilpore the quantity of water passing down the channel 
below the banks, when the gauge shews 10', is stated by Lieutenant 
Dundas to be 287,660 cubic feet per second, so that the present flood 
discharge amounted at the least to 51,334,560,000 cubic feet. 

I conclude therefore that 6,000,000,000 cubic feet of water should 
have been substracted to render the cfl'ccts of the flood innocuous. 

48. In 1861 and 1862 the only readings taken at Edilpore were 
after the river had already risen above inundation level, so that no 
calculations of the discharge can be given. 

I subjoin the details I have been able to collect : — 


Year. 

Date. 

a 

<=> § 

a: 

Heighten the 
Raneegunge 
gauge. 

Rain-fall at 
Calcutta. 

Rain-fall at 
Buidwan. 

Rain-fall at 
Bancoorah. 

1 

C5J Q 

a> 

^ • 

. CS rfJ 

N 6i[ 
d C3 g 
cs W .ID 

Remarks. 

Month. 

Day. 

1861.. 

July . . 

3rd 


3' G" 

2*40 

l-OO 

O' 30 

1-275 


• • 

33 

4th 

11 ' 3" 

13 6 

0^12 

H*10 

4*20 

1#575 


33 • • 

33 • < 

5tL 

14 0 

15 9 

0#39 

0*1() 

0*90 

4»875 


33 • • 

33 • • 1 

6th 

11 0 

11 1 

I 0^00 

0*70 

0*60 

0*275 


1862.. 

June . . 

17th 


3 3 

0«61. 

l^CO 

l«O0 

0*575 

I 

33 • • 

33 

18ih 

... 

4 11 

0*27 

2*20 

2»40 

4*775 


33 • • 

33 • • 

•lOtli 

12 0 

14 6 

4 *66 

0*80 

0*00 

3*075 


33 • • 

33 

20th 

13 6 

12 6 

o«oo 

O»10 

O 

o 

0*000 


33 • • 

33 • • ' 

2l8t 

7 9 

10 6 

0i»00 

(WO 

0*00 1 

0*000 


33 • • 

33 • V - 


... 

8 3 

0«00 

o«ao 

0<*20 1 

0*000 
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49. In 1863 the water commenced rising on the mmrmng of the 
85th of September. 

At 10 A. M. it stood at 13' 8" on the Edilpore gauge. 


10 on the 26th 14' 10" 
„ 13' 8" 
27th 12' 4" 
10 ' 0 " 
8' 9" 


„ 10 P. M. 

„ 7 A. M. 

» 1 ^ » 

„ 6 P. M. 


33 

33 

33 

33 


33 

33 


33 

33 

33 

33 

33 


33 

33 

33 

33 

33 


This gives a duration on the 25th of 14 + 6 hours = 20 hours. 

26th 24 

87th 12 


33 

33 


Total 


66 


Or 2 days and 8 hours. 

60. The dischargfe at Edilpore below 10 feet would exceed 
47,912,256,000 cubic feet, and that at Raneegunge at the very high- 
est estimate not more than 63,800,000,000 from 12 o^clock on the 
2 ]th to the same hour on the 27th; so that if 16,000,000,000 cubic 
feet were stored up no dangerous flood would have occurred. This 
differs from Lieutenant Garnault^s estimate, which was 73,713,551,040 
cubic feet in the Upper Damoodah alone, but the readings on the 
gauge show that no flood remains at the same level for three days. 
1 have entered those below : — 


Year. 

Date. 

, 

on the 
pore 

a, a> 

be 

a 

o ^ 
bo • 

;S 1 |q 

to 

W 

£ain-fall at Cal- 
cutta, 

i 

p 

1 

® .a 

•s ^ 

Month. 

Day. 

Height 

Edil 

gauge. 

3 • 

Rain-fal 

coorah 

1863 

Sept. ... 

23rd 

Ft. Ins. 

• • • 

7' 9" 

0-00 

O’OO 

1-40 

1 25 

33 

33 • • • 

24th 

« • ■ 

11 7 

0-40 

0-30 

2-90 

0-26 

33 

33 • • • 

25th 

13 3 

16 4 

0-44 

0-75 

0-00 

13-00 

33 

33 • * • 

26th 

14 9 

16 0 

0-00 

000 

0-00 

0-75 

33 

33 

27th 

10 0 

13 2 

0-61 

000 

OOO 

0-62 


K 
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81. Ti* '^«64 the rtT«w «jb 1(5' A, ill Oil the 

11th September at 12 (?) it stood at 10 feet, in the fereniiig at 18' 4." 
At 4 A. M. on the 12tH at 18' 11" and remained at that height till 
8 A. II ; on the night of the 12th^it had receded below the gauge ; this 
gives a duration on the — 


Util of 12 hours and 
on the 12th „ IS „ 

Total ... 80 hours, or 1 day and G hours. 


52. The discharge at Edilpore under the same condition as 
before would exceed 25,667,280,000 cubic feet ; that at Raneegungc 
between the 10th and 12tli amounted to 31,000,000,000, leaving a 
surplus of 5,300,000,000 cubic feet to be stored up. 

63. In 1865 no details were procurable to enable me to complete 
the defective register of the Edilpore gauge readings. 

54. The following tabic gives the rain-fall, &c., for the years 
18G4 and 1865 : — 


P3 

Date, 

Height on the Edil- 
pore gauge. 

Height on the Ranee- 

gunge gauge. 

Eain-faU at Cal- 
cutta. 

rxi 

r-i 

a 

n 

3 

-S § 

Rain-fall at Ban- 
coorah. 

Rain-fall at Hazaree- 
baugh. 

3 

PH 

Moiitlu 

Day. 




Ft, Ins. 








1804 

Septenilier... 

nth 

• • • • 

7’ 

4” 

179 

O'OO 

060 

0*60 




loth 

• • • • 

9 

0 

0-91 

0-50 

4-50 

12()0 




11th 

10 0 

17 

6 

025 

0 20 

0 70 

100 




12th 

13 11 

12 

8 

000 

0-20 

000 

. 012 




13th 

• • • • 1 

10 

9 

000 

000 

000 



1865 


12th 

• • • • 

8 

2 

0*12 

0-30 

000 

012 



» • • • 

13th 

• • • * 

7 

5 

2*36 

0*85 

3-80 

1 16 



• • • 

14th 

13 3 

20 

0 

1*11 

305 

0-00 

0*50 



• • • 

I5th 

U 6 

12 

6 

000 

000 

000 

000 


JJ 


ICth 

# • • • 

11 

8 

000 

000 

000 

o-oo 




( ) 

68. la 1866 the flood oommeaced on the* moiaiiiiip^of the 1st of 
July at JO A. M. On that date it stood at ... ... 11' 6" 

By evening 14 0 

•On the morning of the 2nd July ... 14 0 

In the afternoon it fell to ... ... 13 6 

But rose by 1 o^clock on the 3rd to ... ... 15 0 

After which it fell rapidly, and by 10 a. m. stood at 110 

I ts probable duration was — 

On the 1st 14 + 5 hours =19 hours 
„ 2nd 24 „ 

„ 3rdl0+2i „ m „ 

Total ... 55t or 2 days and hours. 


5G. The discharge in the river below its banks at Edilpore was 
about 47,270,574,000 cubic feet; that at Raneegunge between the 
30th of June at 12 o^clock and the 3rd of July at the same hour 
59,170,586,400 cubic feet, giving a difference of nearly 12,000,000,000 
cubic feet which would have to be stored up. 


|H 

Date. 

Height on Edilpore 
gauge. 

Height on Ranee- 
gunge gauge. 

Rain-fall at Cal- 
cutta. 

Rain-fall at Burd- 
wan. 

i 

es 

h 

S 

Is 

p 

irJ 

W 

Month. 

Day. 




Ft. Ins. 







1866 

June 

30th 

.... 

5’ 7” 

012 

0*30 

4*50 

0*00 ^ 



July 

1st 

14 0 

18 6 

080 

600 

4*80 

9*00 



» ... 

2nd 

16 0 

19 6 

420 

600 

2*20 

0*50 



99 •• * 

3rd 

« a • « 

16 2 

132 

0-50 

0*60 

d*62 


>9 

^99 

4th 

• • • • 

12 3 

000 

0*10 

0*40 

0-26 



99 • • 

6th 

• • « • 

9 11 

013 

0-10 

000 

1*12 
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57. Tlieinaximuii height of these 10 floods is shewn in the fol- 


lowing table : — 



1857... 

Aug. 

24tli 

13' 

0" 

Ft. Ins. 

1862 

June 

20th 

13' 

6" 

14' 

6" 

1858... 


18th 

9 

6 

. . . 

. . . 

1863 

Sept. 

26 th 

14 

9 

16 

4 

1859... 

July 

28lh 

14 

6 

18 

0 

1864 

f9 

12th 

13 

11 

17 

6 

1860... 


27th 

12 

3 

18 

0 

1865 

9f 

15th 

J4 

6 

20 

0 

IStil... 


5th 

14 

0 

15 

9 

1866 

July 

2nd 

15 

0 

19 

6 

1 


58. To compare these floods, I subjoin the daily discharge when 


they were at their highest, commencing from the year 1860 : — 


Yeak. 

Date 


Cubic feet of 
water discharged. 

Total. 

CO 

aei 

Month. 

Day. 

-tJ 

b3 

1860 

July 

25th 

13,090,464,000 



J} 

33 • • • 

26th 

24,261,379,200 



3i 

93 

27th 

25,263,316,800 




39 • • • 

2Hth 

17,893,774,800 

80,508,934,800 


1861 

July 

5th 

16,709,760,000 


39 

93 • * • 

6th 

14,009,040,000 

80,718,800,000 


1862 

June 

20th 

14,182,992,000 


39 

39 • • • 

21st 

10,053,072,000 

24,236,064,000 


1863 

Sept. 

25th 

15,184,476,000 


33 

33 * 

26th 

20,619,302,400 



33 I 

33 ••• 

27th 

16,614,144,400 



39 

39 • • • 

28th 

11,539,800,000 

63,957,722,800 


rft 

o 

00 

Sept. 

11th 

13,641,048.000 


33 

3* • • • 

12th 

17,785,951,200 



33 

„ • . . . 

13th 

10,467,172,000 

41,884,171,200 


1865 

Sept. 

14th 

14,638,212,000 


33 

33 •• • 

15th 

20,849,918,400 



39 

33 • • • 

16th 

11,195,208,000 

46,683,338,400 


1866 

July 

1st 

11,109,060,000 


33 

33 \ 

End 

26,697,296,000 



33 

33 ■ *** 

3rd 

22,464,230,000 



99 

33 • •• 

4th 

22,464,230,000 
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59. On only the seven ooeasions below did the dischargee in the 
river during the space of 24 hours exccei in amount the quantity which 
could have been carried down without dangerous results to the country> 
showing how a prolongation by artificial means of the duration of the 
floods over even a few hours would have been advantageous : — 


P3 

W 

Date. 

1 

Discharge at 
lianeegunge in 
24 hours. 

Discharge at 
Edilpore below 
10’ on gauge. 

Difference more. 

Number of days the ex- 
cess should be held up. 

ao 

14 

1 


18G0 

July 

26th 

24,201,379,200 

20,533,824,000 

3,727,555,200 

) 








> Three. 




27tli 

25,263,316,800 


4,729,492,800 

) 


1803 

Sept. 

26th 

20,619,302,400 


85,478,400 

One, 



Oct. 

2nd 

22,810,154,000 


2,276,330,400 

One. 


1805 

Sept. 

15th 

20,849,918,400 


310,094,000 

One. 


1800 

July 

2nd 

25,597,296,000 


6,063,472,000 

) i 








f- Three. 


»» 


3rd 

22,464,230,400 


1,930,406,000 

) 



This table shows that if the excess water could have been retained 
for three days the river would have kept below the safe level of 10 feet 
on the Edilpore gauge. 
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60. Tb® number of floods occurring in any month from 1857 to 
1866 is as below : — 


Year. 


Number ot Floods in 

• 

Total for each year. 

en 

June, 

July. 

August. 

September. 

October. 

1857 ... 

• • « 

2 

2 

1 


5 


1868 ... 

• • • 

, , , 

. . • 

... 

* . • 

ft • « 


1869 ... 

ft • « 

1 

2 


1 

4 


1860 ... 

• • • 

1 

1 

• • ft 

• ft ft 

2 


1861 ... 

1 

2 

• . • 

4 

4 

11 


1862 ... 

1 

8 

2 

t • ft 

1 

12 


1863 ... 

• • • 


1 

2 

1 

6 


1864 ... 

• • « 



1 

• » » 

2 


1866 ... 

* • • 

HI 

1 

1 

• • • 

3 


1866 ... 

*** 

■1 


1 

... 

a 


Total... 

2 

18 

11 

10 

7 

48 



6 1 . The shortest spaces of time • whicli elapsed between two suc- 
cessive floods were in July 1862. 


Month. 

■ 

Date, 

Hei<»ht of 
Flood. 

Time to 
next Flood. 

Bemares. 


f' 

4th • . 1 

ir 11" 

2 




7th 

10 

0 

5 




13th 

11 

6 

1 


July 


16th & 16th 

10 

6 

1 



18th 

10 - 

9 

8 




22ud 

10 10 

1 




24th 

10 10 

3 




28th 

11 

0 

0 

. 



62. The rapidity with which the lyater drains off after an excessive 
V>of rain is shewn most clearly by the gauge readings at Raneegunge. 
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In i860 the greatest Hse in 24 hours was at the rate ofll" per hour. 

1861 

>3 

33 

33 

^ 33 33 

1862 

33 

33 

33 

4*8 ,, ,, 

1863 

33 

33 

33 

2-3 „ „ 

1861 

33 ' 

33 

33 

4-25,, „ 

1865 

33 

33 

33 

6-3 ty 

1866 

33 

33 

33 

6-15 „ ,, 


63. It is important here to notice that though some of the floods 
between 1857 and 1866 have caused great damage, none can have ap- 
proached that which occurred in 18^3, the remembrance of which is most 
vivid in the minds of the villagers residing both om the banks of the 
Upper Darnoodah and Burrakur. Lieutenant Garnault notices in his 
report that it must have stood at least 10 feet above any subsequent one. 
I levelled up to the place pointed out to me as the limit on the left bank 
of the Darnoodah at Ramghur and found it 28* 16 feet above the high 
water level of 1866. On the Burrakur, the marks of a former high 
flood in the shape of mounds of white sand thrown up on the top of the 
right bank beyond the village of Tiliya were most distinct ; the top was 
30*64 feet above the bed, whereas the presumed high water mark of 
1866 was only 9*86 feet. In two other places old inhabitants shewed 
me where villages and cultivated ground had been inundated, com* 
polling them in one case to abandon the site altogether* 

Colonel Goodwyn in preparing a design of bridging the Burrakur 
where the trunk road crosses it near Tuldangah, notes that the flood in 
18‘23 rose 33 feet above datum level, which is 11 feet above any observ- 
ed height since that date. The enormous discharge of 581,636 cubic 
feet per second stated by that officer to have been the maximum amount 
passing through his section vastly exceeds anything observed in 
later years. I can only estimate the greatest discharge per second as 
follows : — The sectional area at the place mentioned above on the 
Burrakur was 12,870*41 feet, hydraulic mean depth 23,307, slope of bed 
4*13 feet, and consequently discharge 160,713 cubic feet per second. 
As the area drained was 328*56 square miles, the discharge per square 
mile would therefore be 489 cubic feet per second. Assuming this for the 
whole 7,000 square miles constituting the catchment basin of the 
Darnoodah above lianeegunge, the maximum discharge becomes 3,423,000 
cubic feet i>er. second. 
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Taking Colonel Qoodwyn^s section the mil off per square mile = 215 
cubic feet per second, or for the whole basin 1,605,000 cubic feet per 
second, shewing that the flood was chiefly caused by an excessive fall of 
rain in the Hazareebaugh plateau. About the duration, &c., nothing is 
known, but making every allowance for the ponding up of water which 
the recipient in full flood must cause in the channels of its affluents, it 
cannot be doubted that the maximum flood discharge of 600,000 cubic 
feet per second assumed by Colonel Dickens in his rejiort of 1853 is not 
above the truth. 

64. The effects of these floods on the lower country have been 
fully described by the different officers who from time to time have 
had charge of the Burdwan Division. From the later reports, it appears 
that large quantities of s md are deposited on what was previously fertile 
land, rendering it in some places entirely barren, and in others only 
partially productive; further, that villages are often destroyed, and the 
inhabitants of every part of the inundated districts exposed to much 
misery and discomfoi*t. It is, however, at present doubtful whether the 
fertilizing effect of the water where its velocity is checked and its silt 
deposited does not counterbalance the destruction caused by it at other 
spots, hut it is certain that the evils caused by this unregulated river 
must increase in an accelerated degree every year, for not only is the 
bed silting up, thus diminishing the available drainage channel, but 
owing to the whole of the inundation water being thrown into the right 
bank, that also is gradually rising, forming a natural embankment, and 
tending still further to reduce the capacity of the channel for passing 
off the floods. The probable result of continued deterioration will be 
the opening up of some new outlet, down which the river, having loft 
its old bed, will try to vent its entire water in one volume. 

65. To prevent some of these evils, embankments have been con- 
structed and are still kept on the left bank, those on the right bank 
having been removed to the extent of 20 miles to give a free spill to 
the flood water. There can be little doubt that in such a torrential river 
as the Damoodab, embankments placed longitudinally aggravate very 
nearly all the evils attending floods ; they increase the rapidity of the 
cuS^t by confluiug it within nariow limits, and thus force the deposits 
to^^be carried to a greater distance down the river; they heap up the 
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water between, and add immensely to the destructive effecti^if any part 
gives way. 


In fact, the object in view is to allow free expansion to the water to 
moderate its velocity, and to force it to deposit its rich silt on the 
defenceless plains, and not to raise it to a great height, thereby increas- 
ing the strength of its current and causing it to burst its artificial bank, 
the inevitable result being violent scour of the soil and a rush of water 
charged with sand rendering a great quantity of rich soil barren for 
years. This subject has, however, been fully discussed by Colonel 
Dickens in his report of 1853, and tlie system has been partially aban- 
doned on the river in question. 

66, The following table gives the heights on five of the principal 
gang's during the four highest recorded floods, and suggests the idea 
that water passing between embankments from some cause not as yet 
explained acts differently to what we might have expected : in fact, the 
true law of its motion is not understood 


Date of 

THE Flood. 

Raneegunge. 

Edilpore. 

Pullah. 


Puspore. 

1 

B 

< 

Year. 

Month. 

1859 

J uly 

18' 0 " 

14' 6" 

18' 0" 

20' 3” 

16' 9" 

15' 0" 

18G3 

September . . 

16 4 

14 9 

20 0 

21 6 

16 5 

14 -3 

1865 

w • • 

20 0 

14 6 

18 3 

21 6 

19 *6 

18 0 

1866 

July 

19 6 

15 0 

20 6 

21 0 

16 6 

14 0 


67. In 1859 and 1865 it will be observed that the readings on 
the Edilpore gauge were identical, whereas , at Fusppre the river rose 

L 
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in 1865 3' ^ higher than it did in the former year ; whether this was 
caused by a ponding up in the lower reaches or no, I cannot say ; I 
merely note the fact. 

68. In 1859 and 1863 the Edilpore gauge reading showed a 
difference of »only 3", whilst the excess was 3' at Pullah and 1' 8" at 
Mohimpore. 

69. I am compelled to leave this branch of my investigation 
incomplete as the gauges have not been connected by levelling ; it may, 
however, be considered certain that, even supposing the heights of the 
embankments as well as the distance they should be retired to have been 
accurately determined, and that such care has been exercised in their 
construction, &c., that the highest known or calculated flood could pass 
down without doing injury in a few years, the sand and silt brought 
down in the rainy season would entirely alter the sections and necessi- 
tate new retirements or extensive additions to the height of the em- 
bankments. 

70. The only efiectual remedial measure seems to be the con- 
struction of reservoirs on the various affluents. 

71. Tlie objections usually urged against them are — 

1^^, — The expense of their construction and maintenance. 

2n(l , — The destruction of cultivation over such an extensive area 
as must be taken up for them. 

Srdj — The interruption they cause to free communication. 

ith , — The probability of their being soon filled with sediment and 
no longer serving their purpose. 

bth , — The danger they would expose the country to by bursting 
their barriers. 

6/^,— The evil consequences they would occasion by prolonging 
the flow of the inundations. 
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The 2nd ohjection is of force, as t!ie oounbj where the 
sites have been found is generally covered with jungle. 

The 3rd objection will be slightly felt where there are no roads, 
and, as the country is hilly and the tracts run along the high ground, 
any inconvenience under this head will be confined to a very few sites. 

The 4th objection is more serious, but the reservoirs will have to 
be emptied so quickly and so often that it is nearly certain the greater 
part of the sediment will be carried out and a very small proportion 
left undisturbed. 

The water escaping by the bursting of the dams would doubtless 
destroy some crops in the neighbourhood ; but, as most of the reser- 
voirs will be close to the main river, the damage will not be great. 

The 6th objection is also serious, but I have shewn in paragraph 59 
that, if a certain quantity of water can be held up for three days, 
the height of the flood will be reduced to a safe level ; the fear will 
then be that a fresh flood will find the reservoir full. In consequence 
of this, Lieutenant Garnault proposed that each should be capable of 
holding ^rds of the greatest monthly rain-fall ; taking Troths as deter- 
mined by myself, this would give rV 24*30— 17-01" or more than 2764 
thousand millions of cubic feet of water for the whole basin, if reser- 
voirs could be formed on every affluent. 

This 2764 thousand millions is very nearly the quantity which 
was shed off the catchment in July 1862, and a reference to para- 
graph 61 will shew that there were eight floods in that month, the 
intervals between being on 3 occasions only 1 day, 

1 occasion 2 days, 

2 occasions S days, 

and on 1 occasion 6 days. 

The height on the Edlipore gauge, however, never exceeded 11' 11", 
and only three of them reached 11-0 ; the intervals between these three 
were respectively 8 and 14 days, during which sufficient time would have 
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elapsed to h^<«*ve cleared out the reservoirs to suoh a depth as would have 
prevented any rise in the river above 11 feet. 

72. I propose, however, in all subsequent calculations to assume 
that it is necessary to retain T-jjths of the greatest observed monthly rain- 
fall, or 17*01" for the whole basin, increasing it in the case of affluents 
flowing from the Hazareebaugh plateau to ^^5 of 81*13', or 21*791", and 

in those on the lower portion of the Burrakur to j 18*627". 

In those having their origin in the hills on the right bank of the 
Damoodah, I assume io | 2 j^or 16*81" to he correct, and in the 

more southernly districts 22*10, or 15*47". 1 have in each case 

taken the maximum monthly rain-fall, though they do not occur at all 
the stations in the same year. 

73. Reservoirs may be either permanent or temporary ; they may 
either collect the water for future use or merely check its progress for a 
time ; these latter can only be used in the upper reaches ; the former in 
any portion of the basin, provided their capacity is so great as to suffice 
under all circumstances. 

74. Temporary reservoirs should not be constructed on the 
Damoodah lower down than 100 miles above the confluence of tlie 
Burrakur, as the head waters alone can be temporarily held up with 
advantage ; this I establish from the following considerations. 

75. Supposing the rain lo commence at Burdwan and continue 
falling till it reaches Hazareebaugh, the lower portion of the river will 
have time to pass off a part of its flood before the upper reaches are 
affected : here, therefore, temporary reservoirs at the head would give 
still further time for the process of clearing the channel. If the rain is 
general over the whole basin on the same day, the upper waterfe flowing 
off the steep hills near the source will overtake that draining from the 
undulating ground lower down ; here any retardation near the sources 
will be most efficacious, and the same result would follow if the rain 
commencing at Hazareebaugh should accompany the flood ; but in these 
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two last cases any keeping back of the water near the middle or lower 
reaches would only increase the duration, and, in all probability, the 
height of the waters. 


76. The following table shows the date of the greatest rain-fall at 
different places in the basin, and the corresponding floods from I860 to 
1866 
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18C0 

July... 

27th 

i 

24th ... 

24th to 

25th ... 

25th & 

fiain accompanied the flood. 




26th. 


26th. 

1S61 

» 

5th 

6th ... 

4th ... 

4th ... 

8rd.,. 

Bain commenced from below. 

18G2 

June... 

20th 

18th & 

18th ... 

18th ... 

19th... 

Bain general at the came time. 




19th. 




1863 

Sept. 

26th 

25th ... 

24th ... 

25th ... 

26th... 

Bain fell in the middle part first* 

1861 

i 

I2th 

10th ... 

10th ... 

10th ... 

9th... 

Bain general at the same tune* 

1865 

99 

I5th 

13th ... 

13th ... 

14th ... 

13th... 

Ditto ditto. 
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77. Temporary reservoirs are not required on the Burrakur, as 
the only place suitable is eminently adapted for a permanent one, and, 
if the latter description can be constructed of sufficient capacity and at 
a moderate expense, its advantages are so great in holding up supplies 
of water for irrigation, &c., as to superecde the use of the former. 
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78. list of the aMaents of the Damoodah and Burrakor is 

givbh below. The aarea drain and the length of their course have 
been taken from the Eevenue Survey Maps when procurable; these, 
however, have not all been published, the survey being under revision. 
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64 
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Nnggur 
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1G8 
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21-81 


Mahlan 

« . . 

Eight 

1704 

124 

158 

35-49 


Chutti 

. . . 

Bight 

164 

12 

152 

39-30 


Upper Haliaroo 

Left 

1644 

154 

149 

95-80 


Suphee 


Big’ht 

. . . 

... 

141 

{ 

No mail of this river 
was obtaiuuble. 

Gurhee 


Left 

16.3 

26(4) 

137 

185 


Haliaroo 


Left 

1484 

224 

126 

250 


Sowabera 
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121 
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114 

25-80 
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1271 

16 
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100 

16 

84 



Bakaroo 
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1194 
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2251 

The Bakaroo fulls 

Konaree 


Left 

134 

69 

65 

550 ] 
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Khango 

• • • 
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794 

19 

604 
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. . . 

. . . 

434 
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Left 

1014 

564 

45 

368-79 
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• • • 

Right 

65i 

21 

44i 



Khodo 

• • • 

Left 

574 

22 

354 

130-22 
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• • t 

Right 

624 

30 

624 


The Tjree falls into 

Gowaie 

• « « 

I Right 

614 

80 

214 

i 

the Gowaie. 
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Affi^JienU of tJie Burrahifi 


Name op 
Appluent. 



Total length of affluent. 

Length from confluence with 
the Burrakur to that with 
the Damoodah. 

Area drained in square miles. 

Remarks. 
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• 
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Miles. 

13 
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... 
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120 

It 

100 
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Left 

115i 

13 

102i 
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Right ... 

]21 

29 

92 



Khero 

Right ... 

103 

11 

91 

47-40 


Hu veto 

Left 

lOH 

10 

85 i 

50-37 


lliirdee 

Right . . . 


10 

79^ 

48-88 


Argo 

Loft ... 


24 

69i 



Taiido 

Lei t . , . 


. . . 

CS)f 

2 LOO 


Chuvkee ... 

Right . . . 

60 

17 

40 



Gondeizo 

Right . . . 

55 i 

H 

47 



< )osree 

Left 


. . . 

1.5 



Ilajheca 

Loft ... 

. . . 

. . . 

21 



Khoodga . . . 

Right . . . 

4ii 

41 . 

s 

207 



79. On eight of these affluents of the Damoodali and on five of 
those flowing into tlic Burrakur, sites more or less favorable for reservoirs 
have been discovered, as well as one on each of the main rivers ; these I 
propose giving in their order. 

80. The Damoodah has been fully described by Lieutenant Gamault, 
and little remains to be added. 

About four miles below its source it is an insignificant stream, 
50 feet wide : here being joined by the Sitahee River it increases to 
83 feet, and probably discharges between 3 and 4 j, 000 cubic feet during its 
highest floods. 
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81, Nineteen miles further down it is joined on the right bank 
by the Mahlan or Upper Suphee River, on which a favorable site for a 
reservoir occurs. 

82. This river being* a type of the rivers rising on the hills to 
the south of the basin merits description. 

After flowing for 5 miles along the plateau with a slope of more 
than 16 feet per mile it descends into the low land down a succession of 
steep rocky ledges, the fall being in excess of 90 feet in the mile. On 
reaching the low land, it continues its course over a series of rocky falls, 
but rapidly loses its torrential nature, and near its junction with the 
Damoodah runs in a deep and sandy bed ; at its mouth it is evidently 
ponded back at certain times by the recipient. 

A site for a dam appeared where the Gunyaree and Neemantollah 
Hills, on which are situated villages of the same name, approach one 
another. 

The area drained above this point is 32*3 square miles, the water 
therefore to be retained = 32’3 x >c ^ x (31* 13 x 16*90) x 
2,323,200 or 1,261,449,161 cubic feet. The channel of the river itself, 
supposing the water to be ponded up for a distance of 2^ miles, would 
give the necessary space for storing 53,600,000 cubic feet, but the slope 
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of tLe valley is so |?rcat, being at the rate of 17*^8 feet pqy mile, as to 
make it doubtful if more than 500,000,000 cubic f et could be retained 
with advantage ; the dam would require to be 45 feet in height. 

The village of Burhce will be destroyed, but nearly the whole of 
the basin is covered with jungle and consequently the damage done will 
be very slight. 
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83. Below the confluence of the Mahlan River the hills which 
flank the Damoodah in this portion of its course approach within a 
distance of 3 or 4,000 feet. The best spot for a reservoir will he in 
this locality, as the Girvva Hill on the right bank and the Baiidlia 
Toorgree on the left throw off subsidiary spurs, which narrow the gorge 
considerably. The area drained up to this point being nearly 225 square 
miles, tlic water to be retained will equal 225 16*81 >c 2,323,200 or 

8,786,923,200 cubic feet, or deducting that already provided for, 
supposing the Mahlan dam to be built, a little more than eight thousand 
millions; the slope of the bed being 9*30 per mile, a 100 feet dam would 
keep back the water to a distance of 10-j^th miles. Assuming 10 miles 
to allow for any increase in the rise, the channel itself would have a 
capacity for holding 660,000,000 cubic feet : the River Mahlan and its 
valley, as well as the Nuggur Nuddee, would also be available for 
about 2i miles up each. I think that the area will be sufficiently large 
to contain the entire 8,000,000,000 cubic feet. 
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The latter section probably gives the correct discharge. 

84. The Chuttor Nuddee is a small river flowing over a roclcy 
bottom : neither on it nor on the Upper Ilaharoo were there sites at any 
place whore the wati'rs could be usefully controlled. 

85, The Supliee River is one of the principal affluents on the 
right bank. On il I Ibund two sites, one between the villnge of Tika- 
tarce and a spur from the Dhoondhee Toongree, and the other 1 mile 
4,800 feet lower down between the Bellangee Hill and the Dhoondhee 
Toongrcc, a little to the north of the village of Rai ; the latter would 
command a greater drainage area and be in other respects more suit- 
able. The mean height of the dam might be considerably reduced by 
a slight diversion of the line on the right bank, but a natural founda- 
tion of strong conglomerate rock rising on the lower side, about 3^ 
out of the water and running across the river, determined my choice. 
It may however be found that this will not form a suitable base, in 
which case the alteration in the direction proposed will bring the right 
extremity at once bn the high ground. The valley of the Suphee above 
this widens out in two or three places, but from the proximity of high 
hills it cannot he calculated on to hold any great quantity of water, 
unless an expensive dam is constructed ; one of 100 feet in height 
would probably pond up the water more than 8 miles, as the slope of 
the bed between the sites was 7*124 feet per mile, and thus will allow 
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an ample margin for the increased slope in the upper portions ; the river 
itself woujd afford storage room for 5Gi, 000^000 cubic feet. 

86. The map of this river and its basin could not be supplied me, 
as the survey was under revision. Supposing, therefore, that the 
catchment basin extends over 40 square miles, the water to be rotaimxl 
will equal 40 >c 16-81 >c 2,323,200==1,562,11 9,680 cubic feet, and this 
will be easily contained by a lower dam than that proposed. 


Place where section was 
taken. 

Sectional area square 
feet. 

Hydraulic mean depth. 

Fall of bed feet per mile. 

Mean velocity feet per 
second. 

Distance between limits 
of high water. 

Wet perimeter. 

Maximum discharge cu- 
bic feet per second. 

Maximum discharge cal- 
culated from 825 m^. 

S 

C, 

as 

P 

cr 

Ui 

c3 

V 

< 

Cubic feet run off* per | 
square mile per second. 










a 


10000’ 









b: 


above site 








o 

o 


ol proposed 











dam 

3613*15 

12 ‘09 

71'24 

11-81 

207 

278*10 42*678 

) 

'o 

o 

! 


87. The Gurhee is the next large affluent and falls into the Damoo- 
dali on the left bank about 4 miles lower down. The site for the dam 
was fixed upon by Lieutenant Garnault at a spot 6 miles below Tendwa 
and about 8 above the junction with the main river, where the Juree and 
Chiloornaree Hills approach one another. To show the necessity for a 
high dam, I have made the following calculations. As the slope of the 
channel is about 8*64 feet, a 55 feet dam will pond the water up the 
stream to a distance of more than 6 miles across section taken 4| miles 
above the proposed site; assuming this height gives an area of ] 3706*79, 
which would be filled up with water, the breadth being 1719 feet, the 
mean depth will be nearly 8 feet, supposing the breadth to remain nearly 
the same at each mile lower down and the depth to increase 8*64. 
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The capacity of«the 1st mile below will= 111,698,400 cubic feet. 



a 

2ud 

99 

„ = 190,338,400 

99 


79 

Sini 

99 

„ = 268,656,960 

9f. 


a 

4 th 

Total 

99 

„ = 34.7,075,520 

... 917,609,280 

99 


If, however, the height is increased to 80 feet, the cross section be- 
comes equal to 81,075*73 superficial feet, the breadth is 4289 and mean 
depth 18*67. 

The sections across arc increased to 11 7* 133 

154*189 

190*817 

227*874 

with a capacity of 523,269,120 
715,290,080 
937,215,840 
1,105,351,600 

Total ... 3,282,126,610 cubic feet. 

The amount of water to be stored is under 21,791 >c 185 >c 2,323,200, 
or 9,365,597,472 cubic fret, and as this will be sefc back 9 miles at 
least 7,000,000,000 will be provided for. The damage to property would 
be very small, as the valleys are covered with jungle, and at Tendwa the 
water would not rise more than 28 feet above the bed, which would not 
injure that village. 
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88. The Haharoo falls into the Damoodifh on the si^me hank as 
the Gurhee^ but 11 miles lower down ; the site fixed upon by Lieute- 
nant Garnault is in a narrow gor^e formed by the approach of the Acharoo 
and Angoo Hills elose to the village of Angoo. The distance levelled 
across was 1753 feet from a height above the bed on the right bank of 
7874 feet, and on the left of 118’33, but the bills rise to such a height 
on the right, that, with a short embankment, there will be little didiculty 
in constructing a dam 110 feet in height, and, as the slope of the bed is 
9*54 feet per mile, the setting back of the water will extend to a distance 
of more than 11 miles. 

Tilie amount of water to bo retained =21*791 X 250 >C 2,323,200= 
12,650,212,800 cubic feet across section taken about 4^ miles above the 
site, gives an area of 27,420 superficial feet in a distance of 2,451 feet ; 
the mean depth is cousecpiently only 1 1 feet. Some of the valleys of 
the smaller tributaries are, however, very deep ; that of the Singrahee 
Nuddee being particularly so; the soil from the margin of its drainage 
area being cat by the action of the water perpendicularly downwards, I 
think there will be sufficient capacity to store up about 8,000,000,000 
cubic foet. 
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O 

Site of pro- 
posed dam 

3G3491 

11-85 

9-54 

13-76 

301 

300-74 

19*191 

51*869 

250 

197 


80. At tlie junction of the Haharoo with the Damoodahthe slope of 
the bed of the former increases to 13*3 feet per mile, owing, doubtless, to 
the water being kept back and then suddenly vented on the fall of the 
latter. ^ 

90. The Damoodah itself after receiving this important tributary 
widens considerably, but the bed continues sandy, the slope being only 
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4-85 feet per mile. I give below the discharge, &c., of the Damooduh 



91. On the Nakaree, Bhera, and Kharyo IlivcrsI found no suit- 
able sites. 


92. The next larcre river - on the left bank is the Konaree, The 
following table gives the sections I took both on it and its large tribu- 
tary, the Bakaroo : — 


Placo whore section was 
taken. 

Sectional area square 
feet. 

Hydraulic mean depth. 

Fall of bed feet per 
mUe. 

Mean velocity feet per 
second. 

Distance between limits 
of high water. 

Wet perimeter. | 

Maximum discharge 

cubic feet per second. 

Maximum discharge 

calculated from the 

formula 825 

Area drained square 
miles. 

Cubic feet run off per | 
square mile per second, j 

Bi.KABOO. 











al>ov© site of dam... 

8081-39 

15-43 

10-25 

17-78 

1862 

199-6 

49,336 




24,715 ftbovo site of dam... 

3(J8«'2« 

9-14 

10-25 

12-32 

4W 

4)3-4 

45,402 

81,374 

... 

... 


21,521 above site of dam... 

51(i9-21 

15-71 

9-96 

15-35 

329 

336'6 

... • 



At site of proposed dam... 

‘ 4822-34 

13-17 

11-48 

16-65 

361 

366-0 

76,481 

47,928 

225 

335 












1 1 ,1123’ nhovo upper dam . . . 

3368-40 

n-14 

20-42 

19-45 

291-2 

294-3 

65,540 




Site of upper dam ... 

;U31*72 

11-21 

23-73 

22-26 

302-7 

306-3 

76,-205 

60,900 

309-66 

246 


4083-3 

11-76 

'15*46 

16-.32 

343 

347-1 

62,507 




3870- n 

10 33 

12-32 

16-06 

372 

374-58 

62,170 

73,640 

398-95 

155 

Site of proposed lower dam 

6»78*(J2 

11-18 

1 

9-67 

18-23 

688-4 

623-87 

92,391 

68,781 

49,066 

186 
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There are several cllscrei)aricies, but the bed was in softie places so 
full of rocks as to render the calculations difficult. 

93. The Bakaroo has been fully described by Lieutenant Grananlt, 
who fixed on a site for a dam about 2 miles east of Lalgbur, whore the 
Lugie and Teliiigo Hills approach within a distance of' about 1,800 feet. 

The valley between these hills for some distance is contracted, and 
though it widens out near the village of Lcirgo it narrows again at 
Ghosee. 

The water to be retained is 31,791 % 234 x 2,323,200, or 
11,390,501,520 cubic feet; to do so the dam must be of enormous 
dimensions. Tbe rise in the slope of the river above the proposed 
site is ill the 1st mile 13*02 feet. 

2nd „ 9*92 ,, 

3rd „ 10T3 „ 

4tb „ 10*08 „ 

5th „ 10*42 „ or a mean of 10*73 feet. 

So that a 130 feet dam will pond the water up 12 miles. 

A section across the Bakaroo, 5 miles above the site fixed on, gives 
an area of 82,929 superficial feet, and as the breadth = 2G 02 feet, the 
mean height will equal 31*8. 

If wc su])posc the valley to continue of the same dimensions with 
only the difference resulting from a fall of 10*73 feet, the sectional area 
of the next mile below will = 110,663*06 superfieifd feet, and will 
])Ossess a storage capacity of 51 1,056,480 cubic feet. As this may 
be considered a maximum quantity to be held up in any one mile, there 
is no doubt tbatmoie than 5^ thousand millions of cubic feet cannot 
be accomm<jdated in the valley of the main river even with a dam so 
lofty as 130 feet. Some relief will be experienced in the valley of the 
C hntwa Nuddee, a considerable stream, which joins the Bakaroo on its 
left hank 3-p^yths miles ahove^ the proposed site ; it will probably be 
ponded up 4 or 5 miles. 

94. The Konaree River is far the largest affluent of the Datnoodah : 
it rises 73 miles to the east of Hazarcebaugh and only 3 miles to the 
north of the source of its tributary, the Bakaroo ; it has a total length 
of 69 miles. 
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The site for a dam on this river was fixed on by Lieutenant 
Garnault.at a spot where a spur from the Puriary Hill, on which the 
villages of Soang and Goomea Chuttia are situated, rises as it ap- 
proaches the channel and is known as the Goolu Luckoo Hills, 

On the left bank a spur from the Tiitwa faces it. 

The ground in rear of the Goolu Luckoo Hill dips, so that a higher 
dam than 105 feet would probably entail heavy embanking. The bed 
of the Konaree at this spot is entirely of sand, but at a distance of 1^ 
miles above rocks begin to appear, and in another half mile the whole 
surface is covered with them. 


The slope 

of the 1st 

mile 

is 9*02 feet. 


3i 

2nd 

33 

1017 

33 

}i 


3rd 

33 

22-85 

33 


33 

4th 

33 

43-30 

33 

}> 

33 

5th 

33 

25-97 

33 


or 22*14 feet per mile. A 105 feet dam will therefore only set back 
the water 4 tbs miles. The catchment basin being 490*55 square 
miles is capable of throwing off in a month of excessive rain 
496*55 X 21*791 % 2^323,200, or 25,137,769,853 cubic feet; it will, 
1 think, be a high estimate if tliis reservoir is considered capable 
of bolding 4,500,000,000 cubic fecL 

95, A few miles higher up the river I found a site where an 
offshoot from the Tellingha Hills on whidi the Bulwada Telegraph 
Tower is situated touches the river to the norih of the village of Dorno. 
This spur is known as the Bukh Bhonkiaga Hill and faces the Tiliya 
Tongree, As, however, the latter only rises 79*55 feet above the bed of 
the river, the height of the dam must be limited to that. The river 
ran along a rocky bottom nearly as far as I levelled, the only exception 
being in the first | of a mile. 

The slope of the 1st mile = 10*51 
„ „ 2nd „ = 21*39 

„ . „ 3rd „ = 15*50 

,, ,, 4th ,, = 9*14 

Mean ... 14*13 per mile. 
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A dam of 79 feet will therefore hold ujf the watgr to the dis- 
tance of Bi miles. I estimate the storage capacity at 4?, 000,000,000 
cubic feet. 


96. A site for a third reservior was found where the Konaree runs 
between high hills to the north of Horlung. The height of the 
Beiran Hill, which rose on the right bank, was 137’87 feet above the 
bed, and that of the Campe Decree Hill on the left bank 101*4*3, so 
that the dam will be limited to 100 feet in height. The bed was every- 
where covered with rocks. 

The slope in the 1st mile is 23*58 feet. 

,, „ 2nd ,, 80*59 „ 

„ „ 3rd „ 15*88 „ 

,, ,, 4th „ 24*97 ,, 

Mean ... 23*75 „ 


The river will therefore be ponded back for 4g* miles. If it was 
possible to retain ^^ths of the maximum monthly rain-fall, this 

upper reservoir should be made capable of holding 309i 21*791 

>Q 2,323,200 = 15, 668,391, 446 cubic feet, as 309 J miles drain 
into the river above, and the lower ones will not suffice to con- 
tain their own portion of the basin drainage. Considering, how- 
ever, the great slope of the valley and the limited height of the dam, 
3,000,000,000 will probably be an outside estimate for the capac ty. 
The tributaries which join the Konaree will give some relief^ but their 
slupes exceed those of the recipient. 

These are the Bairam, 1256 feet above the site of the dam of the right 
bank, 

Hatto, 1556 „ ,, „ 

and the Siwanmy, 2 miles 2300 feet on the left bank. 

The latter is as large as the Konaree itself above the confluence, 
and passes down such a volume of water as to necessitate at a point 

N 
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18 miles higher up the construction of a bridge, giving 195 running 
feet of waterway. 

97. The water to be retained in the three reservoirs is as follows 

jBetwecn lower and middle dam . . 4,500,000,000 cubic feet. 

„ middle and upper „ . . 4,000,000,000 „ 

Above upper dam . . . . 3,000,000,000 „ 

Total ..11,000,000,000 „ 


98. The breadth of the channel of the river at the site of the 1st 
dam was 588 feet; of the 2nd dam, 372 feet ; of the 3rd dam, 302 feet. 

So that its capacity as a reservoir will not exceed . . 745,000,000 

495,000,000 

334,800,000 

Total .. 1,574,800,000 


The river everywhere was thoroughly torrential in its nature and 
the bed covered with rocks. 

99. The Jiiinoonea River is the next on which sites for reservoirs 
have been discovered. It rises to the east of the Hazareebaugh plateau, 
flows in an easterly direction for about 35 miles, and then turning south 
falls into the Dampodah after a total course of 56^ miles. It drains 
nearly 369 square miles. 

100. The first site is situated a short distance above the confluence 
with the Damoodah, where a low range of hills, a continuation of the 
spur on which the village of Doomra stands, approaches the river, and 
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18 &ced on tha right bank by the Outwar spur/ This lattisr appears to 
be an offshoot from the Dogdahar Hilh and takes its name from the 
village of Gutwar. The site is an inferior one, the distance to be 
embanked being nearly liths miles long, the slope of the bed is also 
excessive, as the following levels show : — 


For the 

1st mile 

• • • • 

.. 12-60 

feet. 


2nd „ 

• • • • 

7-09 

ii 

a 

3rd „ 

* • • • 

. . 11-30 

a 


4th „ 

• • • • 

. . 19-26 




Mean 

.. 12-56 

feet. 


Nearly along the entire length rocks and rocky ledges shewed the 
torrential nature of this important tributary of the Damoodalu 

The dam must be constructed aliout 100 feet high, as one more 
lofty would entail a greatly increased length of embankment, and one 
lower would not enable us to hold up the necessary quantity of water. 

With such a dam, the river would be ponded up 8 miles. The drain- 
age area between the 1st and 2nd sites was 156-69 square miles, the 
water to be retained will be 156*69 xl5'47 >c 2,323,200=5,631,423,557 
cubic feet. The river itself will be capable of storing up 760,320,000 
cubic feet, and though the tributaries are numerous and their channels 
deep, I do not think the valley will hold more than 5,000,000,000 cubic 
feet. 


101. The 2nd site is a little to the west of Doomree on the Trunk 
Koad, where a spur from Parisnath approaches the river on left bank. 
The particular hill on this spur which touches the left bank is known as 
the Goodaree. On the right bank the ground rises gradually to the 
Burwa Tongue on which the village of Jamagoorea is situated. The 
drainage area above amounts to 192*95 square miles, and the water to 
be held up to 192 95 X 21*791 X 2,323,200 = 9,768,057,024 cubic 
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feet ; aod, as the dopl of the bed is 10-007 feet per mile, a 100 feet 
dam VflW, whilst setting back the water about 10 miles, retain above 
6,000,000,000 cubic feet. 


The proximity of the Trunk Eoad may necessitate the construction 
of a lower dam than the one proposed, as the Colgo, which falls into the 
J umoonea about 600 feet above the proposed site, is crossed miles 
higher up on its course by a bridge of 5*33 feet arches, and in all 
probability must be covered with water if the scheme here mentioned is 
carried out. I examined the Jumoonea up to where it diminished 
to a small stream 50 feet wide, but found no other spot in any way 
suitable. 


Place where section was 
taken. 

Sectional area square 
feet. 

Hydraulic mean depth. 

FaU of bed feet per mile. 

Mean velocity feet per 
second. 

Distance between limits 
of high water. 

Wet perimeter. 

Maximum discharge cu- 
bic feet per second. 

Maximum discharge cal- 
culated from the formula 
825 

Area drained square 
miles. 

Cubic feet run off per 
square mile per second. 

1 

C,669 feet 
above upper 
dam 

2629*97 

8*93 

10007 

12*03 

292 

294*34 

31,641 




Site of up- 
per dam ... 

4577*60 

7-14 

10-007 

10-76 

636*6 

640 86 

49,256 

• •• 

192-96 

255 

4 miles above 
lower dam 

3742-39 

10*09 

12*48 

14*28 

368 

370-6 

53,451 

■ 11 

1 

• •• 


Site of lower 
dam 

4035*6 

15’61 

12*48 

14*67 

369*8 

379-03 

59-209 

66-706 

CO 

169 


. 102. The Gurga and Tjree rivers presented no favorable sites. 

tv., 103. On the Gowaie about 30^ miles above its junction with the 
spur diVimoodah near the village of Podoodah occurs a gorge 46 feet deep. 
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As the slope of tlie bed is 16'18 per mile, the* wafer will be kept 
back th miles. I estimate the capacity from a cross section taken aboni^ 
1 i miles above the site to be about 500,000,000 cubic feet. The map 
of the country near the sources of the river not having been supplied 
me, I am unable to give the drainage area. 


Place where section was 
taken. 

Sectional area square feet. 

Hydraulic mean depth. 

Fall of bed feet per mile. 

Mean velocity feet per 
second. 

Distance between limits 
of high water. 

Wet perimeter. 

Maximum discharge cu- 
bic feet per second. 

Maximum discharge cal- 
culated from the for- 
mula 825 ^y/m3. 

1 

g. 

CQ 

I 

'.s 

a 

■g . 
-o 8 

si 

l-i 

Cubic feet run off per se- 
cond per square mile. | 

Gubga. 

About 83 miles 
above junc- 
tion 

1928 08 

927 

10-88 

12*78 

203 

208 

24,645 



• « • 

1 mile lower 
down 

1703-12 

8-45 

10*88 

12-205 

192*5 

201*5 

207,787 



... 

1 mile lower... 

2676-74 

10*64 

10*88 

13-69 

233*5 

242 

35,298 

... 

... 

*•« 

IJ mile lower 

2131-31 

11-05 

16*43 

17-15 

212*3 

220 

41,698 

... 

... 


Tjeee. 

3 5 * miles above 
junction with 
the Gowaie 

2116*20 

11-62 

8-11 

12-30 

175 

183*6 

26,041 



*•« 

1 mile lower 
down 

2427-43 

10-508 

8-11 

11-75 

225 

231 

28,621 

• • • 


**• 

1 

36 miles lower 

3381-68 

1-43 

13-10 

1624 

265 

272 

54,927 

• • • 


• •• 

Gowaie. 

Sectional dam 

747-02 

6T3 

16-18 

11-60 

144 

1451 

86,655 

••• 

• •• 

••• 

About 4 miles 
above junc- 
tion with Da- 
muodah 

6626-31 

11-19 

4-66 

9-09 

497 

602-3 

61,166 

••• 



3i miles lower 

9531-65 

9-716 

6-81 

9-66 

978-6 

981 

91,149 


• •• 

... 
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104* •The rewlfe of this invesligatiojB oti tlie Pam(^ah 

IS shown iii the followiog tables--- 


d 

OD 

0 

1 ^ 

i 

•xf 

0 

.BP 

1 1 

1 

a 

Cubic feet of 
water to be 
retained. 

Area drained above site 
of dam square miles. 

r§ 

Cm 

O 

.BP 

§ 

.S ; 

% 

% 

<3» 

3 J 

Number of miles {be 
main river will be 
ponded up. 

Slope of the bed of the 
river feet per minute. 

Kemabks. 

Mahcan ... 

45 

500,000,000 

1 

32-30 

10-74 

2,214 

1 

17-08 


Damoodah 

100 

8.000,000,000 

192-42 

46*11 

3,95*2 

7 

lOio 

9-30 


Gurhee ... 1 

80 

7,000,000,000 

18600 

24-47 

10,952 

9 

8*64 


Suphec ... 

1008 

1,562,119,680 

40-00 

... 

... 

8 

7124 


Hokaroo... 

110 

1 8,000,000,000 

250-00 

68-19 

1,856 

11 

9*54 

A j^oodsiie. 

Bakaroo ... 

130 

7,600,000,000 

225-00 

60-04 

1 

1,725 

12 

10*73 

1 

Ditto ditto. 

Konaree... 

105 

4,500,000,000 

490-55 

49-86 

3,041 

7 

4k) 

'•>2-14 


Ditto ... 

79* 

4,000,000,000 

398-95 

30-37 

2,231 

6| 

1413 


Ditto ... 

100 

3,000.000,000 

309-66 

45-60 

1,089 

1 

45 

23-75 

Ditto ditto. 

Jumoonea 

100 

6,000,000,000 

349-64 

33 33 

7,132 

8 

12-66 


Ditto 

100 

6,000,000,000 

192-93 

54-42 

7,553 

10 

10-007 


Gowaie . . . 

46 

500,000 000 

Unknown. 


... 

4 

2 5 

16-18 



Total 55^062,119^680 cubic feet of water in 12 reservoirs. 


The area in rear of the dams being more than 1,770 square miles, 
or about yth of the basin of the Upper Damoodah. 

105. The Burrakur being the affluent of the Damoodah, which 
almost equals the Upper Damoodah in size, requires to be fully described. 
It rises about 7 miles to the north of Hazareebaugh and descends in the 
first 13 miles of its course from a height of 2,000 feet to 1,200 above the 
level of the sea. On reaching this lower level it flows along a sandy 
bed of considerable width and of slight declivity. Its direction is 
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northerly, tlie *rmiik Road above Butlieei wbea it tii|ns 

eastward aiid cOntmnes so for IJJO miles ; it tben inclines to tbe south 
and fails into the Damoodah a little more than 3 miles below the Trunk 
Hoad at Taldanga, which it again crosses. Its total length is 171 
miles, and its catchment basin about 2,700 square miles. The in- 
crease in its size and discharge is so great as to necessitate a bridge 
being built over it with a waterway of 1,885 running feet neat its 
confluence, whereas 142 miles above one with 450 running feet sufficed. 
The total fall of this river between Burhee and the junction with the 
Damoodah = 6*03 feet per mile, but this is not uniformly distributed, iu 
the upper portion it being far less, and in the lower part greater, as the 
following levels show. 


The measurements are given from the source downwards. 



Mile. 

Foot. 


Mile. Foot. 




m the 

26 

2558 

to the 

39 430 

4-17 is 

the slope per mile. 


89 

430 

99 

42 2723 

413 

99 

99 

9} 

42 

2732 

99 

49 1416 

3-72 

99 

99 

9) 

■49 

1416 

99 

53 4546 

3-52 

99 

99 

99 

53 

4546 

99 

61 2409 

353 

99 

99 

99 

61 

2409 

99 

72 1076 

4-027 

99 

99 

99 

72 

1076 

99 

82 4645 

6 22 

99 

99 

99 

82 

4645 

99 

96 4015 

5-02 

99 

99 

99 

96 

4015 

99 

110 2461 

6-608 

99 

99 

99 

110 

2161 

99 

130 1867 

7-490 

99 

99 

99 

130 

1867 

99 

142 5078 

8-09 

99 

99 

99 

142 

5078 

99 

149 646 

9-89 

99 

99 

99 

148 

646 

99 

162 5109 

8-61 

99 

99 

99 

162 

5109 

99 

171 4205 

4-28 

99 

99 


106. These levels will shew at glance what a dangerous river the 
Burrakur is as regards the rapiJ transmission of its water into the Da- 
moodah, the slope within 9 miles of that river being 8*61 feet per mile. 

107. The bed of the upper portion is entirely sandy, but on ap- 
proaching the lateral offshoots from Farisnath it changes and becomes 
exceedingly rocky ; this continues up to the 163rd mile, when sand 
again appears and rocks disappear. 
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108. The Damoodah presents a marked contrasty for whereas it 
falls 226*6 feet in the last 50 miles of its course above the confluence, 
or 4*63 feet per mile, the Burrakur in the same distance has an inclina* 
tion of 7*5. It is therefore to be regretted that the latter river tra- 
verses a district where there are so few suitable sites for reservoirs. 

109. From Tiliya, a few miles below Burhee, this river drains a 
well cultivated district almost completely bare of hills of any kind 
till it arrives within the influence of Parisnath. Here, as well as below, 
where continuous spurs again disappear and only detached hills present 
themselves, the country is covered with jungle, and it is in this portion 
of the catchment basin that the reservoirs must be formed. 

110. The most important tributaries are, on the left bank, the 
Argo and Oosree, and on the right the Bursote and Khoodya. The 
next in size are the Keso on the left and the Khero Khoodya on the 
right bank. 

111. I have found sites for reservoirs on the Burrakur itself and 
on the Khoodya and Churkee, as well as on three minor aiHuents, viz., 
the Tando, Gordengo, and Rajheea. 

112. From observations taken in the Burrakur, I have calcu- 
lated the discharge per second during the highest floods in 1863 to be 
147,677 cubic feet, or 69 cubic feet per square mile per second. 

In 1865 to be 176,940 cubic feet or 70 cubic feet per square 
mile per second. 

,, 1866 „ 132,540 „ 63 „ „ ,, 

113. Lieutenant Garnault in his report states that the dis- 
charge to the Damoodah in 1863 was 284,388*7 cubic feet per second 
when the river was at its highest, viz., 67*7 cubic feet per second were 
shed off from each square mile per second. 

114. Assuming 70 as the maximum co-eiScient appligable to both 
rivers, the joint discharge should be not less than 480,000 cubic feet. 
1 do not, however, believe that this quantity of water is ever passed 
down the channel in a second, as the highest floods are not simulta- 
neous, and if by chance they should be, one is certain to find the other 
back ; the flood of 1823 is always left out of account. 
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115. The first site for a reservoir is on tlfe Burrakiy itself near 
the village of Tiliya, where two ranges of low hills which hem in the 
river for about 7| miles approach within 1,G00 feet of one another. 
The slope of the bed being only 4*13 feet, and the heights of the hills 
more than 130 feet; a dam of at least 130 feet could be adopted, which 
would set back the water about 31^ miles, but the proximity of the 
Upper Burrakur Bridge limits the size to 54 feet ; this will pond up the 
water about 13 miles. 

The drainage area being 270 square miles, the water to be re- 
tained will be 270 >c 2,323,200x21*79=13,668,083,560 cubic feet. I 
have the detailed levels of this basin and propose submitting them in a 
subsequent report, but as they are not worked out, I only calculate 
roughly that the capacity of the reservoir will be 3^ thousand millions 
of cubic feet. The ground is more cultivated in this portion of the 
basin than in most other places, and opium is grown in considerable 
quantities, but the villagers appear to be in no want of water for irrigat- 
ing purposes, their numerous shallow wells supplying all their wants. 


116. From Tiliya to the Tando River, a distance of 63 miles, 
though the rivers Bursotc and Khcro on the right, and the Eerga 
(Argo) Keso and Ruckhurro on the left fall into the Burrakur, no 
suitable site was discovered. 


117. The Bursote is probably the largest tributary: a cross sec- 
tion taken on it between the villages of Ghorbunda and Ghoormoon- 
doo gave a height of 58^ feet above the bed, for the summit of the 
hills forming the gorge ; the breadth across was 2,000 feet and the 
slope of the bed 7*66 feet, so that the water could be stored to a dis- 
tance of 7i miles up the valley ; but the site was a bad one, presenting 
no facilities for the construction of a masonry dam. 

118. The examination of the Khero and Kupsa yielded no results. 
The Keso passes down a considerable volume in high floods, but neither 
on it nor on the Eerga were there any hills closing in the channel. 
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119. 'Jhe Tandi drains about 28| square miles, tbe water to be 
retained =2S| y. 2,823,aO0 % 18-627, or 1,027,760,448 cubic feet. The 
^lope of the valley is so excessive, being 18'7 feet per mile, that a dam 
of 50 feet will only keep back the water to a distance of 2-|th miles, 
I think the whole of the monthly drainage could, however, be retained ; 
the capacity of the channel is=58, 407,360 cubic feet. The site for 
the dam' was close to the junction of the Tando with the Burrakur, 


120. The Churkec was the next river on which a site was dis^ 
covered. This river rises in Parisnath and falls into the Burrakur 20 
miles below the confluence of the Tando. I fixed upon a spot near tho 
village of Chillanga where liills on both sides rise to a considerable 
height. The drainage area is 87*4 square miles in extent, and conse- 
quently the water to be retained will be 87*4 2,323,200 >c IS‘627, or 

3,782,109,135 cubic feet. The slope of the bed is 17*55 feet, and con- 
sequently the water would with a 70-fcet dam be set back to a distance 
of 4 miles. As relief will also be aflbrded in a large tributary, which 
joins a little to the south of the site, I think 2,000,000,000 cubic feet 
can be held up. 


121. On the Gondego I discovered a site about 2 miles above 
its confluence where the Barchanga Hill on the left bank faces a hill a 
little to the north of the village of Lungec. A dam of 75 feet would 
pond the river up 3h mile, the slope being 23*26 per mile, the area 
drained =18*21 square miles, and the water therefore to be retained is 
18*21 2,323, 200>cl8*627, or 788, 000,208, which can be easily done. 

The channel itself will hold about 92,505,600 cubic feet; the remainder 
will be provided for in the valley on each side. 


122, The Oosreo Nuddee is of considerble size, and most danger- 
ous from the nature both of its own bed and that of the Burrakur at 
the junction. At Ilurdega, a few miles above the confluence, the river 
is precipitated down ledges of rock at least 50 feet high. Above this 
the bed is sandy, bnt no hills appear, and consequently it must be 
allowed to descend to the Burrakur without interruption. 
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123. The Bedee River was examined, but ifb good sit§ was found ; 
the best was to the north of the Doorpaliarcc Hill ; the left bank is 
nearly perpendicular^ but the right sloped gradually upwards to the 
village of Metrasinghar ; the embankment would, however, have been 
expensive and the quantity of water stored small, so I abandoned the 
idea of constructing any work in the valley. 


The Ragheca River near the village of Jurgoodcc flows be- 
tween a hill of the same name and the Bundaro Toongree. These two 
approached so close together that a dam 100 feet high would only re- 
quire to be made 690 feet long; the slope of the bed is, however, very 
great, not being less than 1609 feet per mile. I was unable to pro- 
cure any map of the basin, it being out of print, but the drainage area 
cannot be very large ; supposing it to be 30 square miles, the water 
to be retained would equal 30 x 2,323,200 x 18*627, or 1,298,227,392 
cubic feet, and I think a 50 -feet dam would keep up 1,000,000,000 
of this. 


125. The last reservoir will be on the Klioodiya. This river rises 
in one of the southern off shoots from Parisnath, and running in a 
soutli-easternly direction falls into the Burrakur just above its conflu- 
ence with the Damoodah ; it drains 207 square miles, and from its 
position is a most dangerous and formidable river. The only place 
where a reservoir could be formed was beyond Govindporc near tho 
village of Assunbunnee : liere two hills, the Bhutko Toongree and 
Mungra Toongree, narrow the valley sufficiently to render the site 
suitable. The portion of the basin above this is only 61*34 square 
miles in extent ; the water to be retained will, however, be large, viz. 
61*34 >C 2,323,200x18*627, or 2,654,441,856 cubic feet. The slope of 
the valley is 9*81 feet per mile, and, as the highest dam possible is 
only 54i, length of the reservoir cannot exceed 5^ miles. I think 
that the capacity will be about 1,000,000,000 cubic feet ; this I calculate 
to be the case from a cross section I took at a distance of 3 miles 
above the site of the dam ; the area=4754*7 1 superficial feet, and the 
distance across 495, so that the mean depth was only 9*6 feet. 
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126. /The follotfing table gives some additional results : — 



Burrakur . . 


3,500,000,000 

370-16 

37-99 

700 

13 

4-17 

Tando 

50 

1,037,760,418 

23 75 

23-98 

2,456 

3 

2c 

18-70 

Churkce 

70 

3,000,000,000 

87-40 

25-82 

4,5 14^ 

4 

17-55 

Goiidengo . . 

75 

788,000,308 

18-21 

35-94 

2,22H 

si 

23 26 

Bagheea 

50 

1,000,000,000 

30 



3 

16-09 

Khoodiya . . 

54i 

1,000,000,000 

61-34 

27-80 

1,077 

H 

9-81 


127. The total quantity of water to be retained is about 
9,300,000,000 cubic feet, and the drainage area partially controlled 
about 490 square miles, or under ith of the whole basin. 

128. I took a large number of cross sections in the different 
affluents, but they were nearly all so extremely rocky in their beds as 
to make it doubtful if the formulae usually used apply. 

129. I am now compelled to sum up the results I have arrived at, 
and leave the completion of this report for a future occasion. 

180. The number of reservoirs discovered is 18. 

The drainage area partially controlled is 2,260 square miles or 
Xijths nearly of the whole basin ; but as the water is shed off i)erhaps 
with double the rapidity in the upper reaches than it is in the lower, 
and as the reservoirs are all on the most dangerous rivers, the protec- 
tion afforded is far greater than this would seem to show. 
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] 3l. The amount of water which can he "ffclcl up for^snbscquont 
use is 64,302,119,680 cubic feet, or ^th tlie greatest raoutlily flow off; 
that the Damoodah in 1866 havinu: been 316,520,561,600, and of the 
Burrakur 68,109,083,560, or 384,635,645,160 cubic feet. 

Thus, 64,362,110,680 cubic feet will give an available discharge 
of 3,266 cubic feet per sc^cond for the space of 228 days, from the 
1st November to the middle of June, and this does not include the 
water which would naturally find its way down the rivers in those 
months. 

132. The sites which fulfil the conditions most desirable for 
the construction of dams, where the valley is broad and deep, con- 
tracting at one point, the sides of which gorge are of rocks steep and 
high, where slope in rear is slight, whilst that in front is steep, and 
where there is easy access to materials and little or no valuable pro- 
perty to be destroyed, arc those in the Haharoo, Bakaroo, Upper Ko- 
narce, Burrakur, Rajheea, and Khoodiya. 

133. The number of miles of the rivers which will be held up, and 
consequently the total length of all the reservoirs, is lOOj^oths; the ex- 
tent of ground covered will be therefore considerably under 200 square 
miles. 

134. The expense of the dams I shall give in my next report, as 
well as some considerations about other schemes for destroying the 
effects of the floods in question, 

135. The formulae used in the body of this report arc for the 
quantity of water passed off in the river channel 

where ^ = mean velocity in feet per second, /. = fall of stream in 
feet per mile, — and d. = the hydraulic mean depth in feet, also as a 
check — 825 a " — ^wherc m is the area drained. 

136. The maps which accompany are not quite complete, as the 
survey is under revision : the sections necessary to complete the results 
will be forwarded subsequently. 

137. In conclusion, I would advise the construction of gauges 
in the Damoodah at Ramghur and above the conflueuce of the Barra- 
kur ; and in the latter river, a short distance above Mahlan ; it will also 
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be advisable to hai^* rain gauges at Burhce, Parisnath, Goond- 
poor, and Burrakurin addition to those now kept at Ilazareebaugh, 
Ranehee, Bancoorah, Sooree, Burdwan, and Calcutta, I need hardly 
urge the importance of hourly observations of the great floods at all 
the river gauges. 


From the Government of Bengal, to Lieutenant H. W. Garnault, r. e., 

—(24th October 1867.) 

The Government of India, in letter No. 3t7. of 16th Mareh 1867, 
trusts that the surveys and levels in connection with the Damooduh- 
Project may be so carried out as to admit of a portion being ready for 
execution during the next working season observing further, that 
it is not necessary, nor even desirable, that the entire system of storage 
should be arranged for and settled before the works for irrigation are 
undertaken.^^ But adding, the works of irrigation and navigation may 
be undertaken at once on completion of the necessary surveys and estimates 
to such extent as there shall be water available in the river, or obtain- 
able by a small and easily executed' portion of the storage works.’^ 

2. To this end it is directed further, that a selection should 
be made of a few of the most suitable sites for reservoirs, and detailed 
designs and estimates for them, together with designs and estimates for 
Head Works and Canals onbotii sides of the Damoodah, including one 
for navigation to connect Rancegunge with the Hooghly, should be 
put in hand as speedily as possible ; the necessary surveys and sections 
being at once proceeded witli/^ 

3. The Lieutenant-Governor has therefore resolved to depute you 
for this special duty, and you will receive the necessary instructions 
from the Chief Engineer in the Irrigation Department for the prepara- 
tion of the projects desired in the orders from the Government of 
India above quoted. 
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Memorandum of Instructions by Lieutenant-Colonel P. H/Rundall, 
R, E.^ Chief Engineer j Irrigation heparUnenty for the guidance of 
Lieutenant Garnault^ r. e., on the Project of Canals of IrrU 
gation and Navigation as also of Reservoirs on the River Damoo^ 
dah, — (%4&th October 1867.^ 

The subject to which your attention was formerly directed was the 
investigation of the upper reaches of the Damoodah and its tributaries, 
with a view to the formation of Reservoirs for the purpose of storing 
and so controlling the excessive Hoods which annually occur in that 
river. 


2. The information collected by yourself, coupled with that sub- 
sequently obtained by Lieutenant Heywood, supi)lies almost all that is 
requisite to arrive at an idea of the amount of water to be stored, and 
the best sites for the formation of Eeservoirs, 

3. All that will be requisite now, in continuance of those investi- 
gations, will be the detailed surveys of one or two at most of those 
sites ; but, before determining finally on them, I wish to accompany 
you for the purpose of inspecting the localities and examining the 
features of the adjacent country. 

4. Meanwhile the point on which more accurate information is 
needed, and on which your own report is silent, and that of Lieutenaut 
Heywood appears to me not sufficiently to establish, is the discharge of 
the Damoodah below the confluence of the Burrakur, 

5. Lieutenant Heywood, in paragraph 29, gives a table of dis- 
charges based on a Section said to have been taken by yourself, but it 
is not quite clear whether the volume calculated for the extreme reading 
of 19*29 on the Raneegunge gauge, viz.y 343,657 cubic feet per second, 
was made by him or by yourself, as, in the column of remarks, he 
speaks of calculating backwards^^ from that quantity, and so arriving 
at the slope which was not given in the original section. 

6. In your own report the calculation from the Section taken 
immediately above the confluence gives a volume of 284,388 cul>ic feet 
per second as the discharge of the flood of 1866. If this be added to 
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tliat of the Burrakur for the pame date, as calculated by Lieutenant 
Hey wood, viz., 132,540 cubic feet, a total of 416,928 cubic feet is 
obtained as the united maximum discharge of the two rivers instead of 
only 343,657 cubic feet as mentioned above. 

7. It is possible that the maximum discharge on each river 
may not arrive simultaneously at Raneegunge, and, if not, then the 
discharge at that place would of course be less than the sum of the 
volumes of the two rivers, but this is scarcely probable, seeing the 
length of their courses is nearly the same. 

8. To determine this point, on which properly hinges all the chief 
calculations of the correct amount of water to be abstracted from the 
river, you should take a series of cross sections of the river bed at 2 
miles apart, more or less, from the confluence to 4 miles below Ranee- 
gunge, carefully selecting the points for the sections, and connecting 
them by a longitudinal section of the Jloocl line of 1866, as well as of 
the surface of water in the river at the time (being careful to note 
the daily variation in that water while this longitudinal section is being 
taken). 


9. It will be desirable also to corroborate your previous section of 
the Damoodah above the confluence, and take a fresh set of sections of 
the Burrakur, both cross and longitudinal, so as to check Lieutenant 
Heywood^s. 

10. On the result of these depends the correctness or otherwise of 
the deductions contained in that OIHcer^s report, and hence it is essential 
that this point of the maximum discharge should be accurately deter- 
mined. 

11. Having done this and forwarded me the results, you will pro- 
ceed to take up the subject which is to engage your principal attention, 
viz., the investigation of the Irrigation and Navigation projects from 
Raneegunge to the Hooghly on one side and the Roopnarain on the 
other. 

12. As one of the principal objects in view is to provide a line of 
water communication from the collieries to Calcutta, the off-take of the 
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canal from the left bank of the river must be Taken as near to the coal 

mines as is consistent with other consider- 
ations. The selection of a site for the weir 
across the river is therefore confined within short limits, and that work 
must be built within 4 miles either above or below Raneegunge, 

13. The conditions to govern the selection of a site are, — 

\st^ — T?ie width of river, so as to obtain the greatest length of weir 
possible, in order to discharge the floods with the smallest increase of 
velocity. 

%nd, — The fall in the bed, A weir should not be placed too near 
any sudden increase of fall, such as a rapid, as there the rear water 
runs ofl* too rapidly and so requires a greater head over the dam, in 
order to fill the lower basin level with the crest. That is the time when 
the greatest plunge takes place in the overfall. 

2trdy — The mhsiance of which the bed is composed. It does not neces- 
sarily foil iW that a rocky site is the best, for it may be so, and generally does 
happen that the river at such sites is greatly contracted and has a steep 
fall. The consequence is, that not only is the mass of water carried over 
any one point on the weir greater, but it is carried at a much higlier 
velocity. The momentum and therefore the destructive power of the 
water is thereby immensely increased, the rates of such increase being 
as the sqtiare, so that, if the momentum in one case were 5, and in 
another 10, the force which the relative works would have to withstand 
would be as 25 to 100, or four times as great, and therefore the weir 
built on the rocky site might possibly require to be built four times as 
strong as one on a sanely bed ,• cateris paribus, however, of course, the 
harder substance is to be preferred. 

— The substance of the banks, not so much with a view to the 
protection of the flanks of the weir as to the cost of excavating the 
off-take of the canals ; for, if rocky or very high, the labour and ex- 
pense of excavation may be so great as seriously to affect the remunera- 
tiveness of the projects. 

hth, — The proximity of the material necessary for the construction 
of the weir on which mainly depends its cost. 

^th, — The general direction of the river. It being desirable in wide 
rivers to select a straight reach, so that the approach to, and departure 
from, the weir may be affected as little as possible by counter-currents. 

p 
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14 Tlie height an^ form to be given to the dam must depend 
on the three first conditions, coupled with that all-important one, tlie 
volume discharged in the highest known flood, the ascertaining of 
which, as directed for jonr first investigation this season, is therefore 
equally necessary for this as well as for the Reservoir project. 

15. Precise instructions on this head then can only be given after 
the information on the other points has been procured. 


IG. While personally prosecuting the investigations for the weir, 

your Assistants should he employed 
in taking the preliminary cniss sections 
over the country which the proposed canals are to traverse. 


Canals. 


17. On the left hank, if there are no series of bench marks known 
and well defined on the river bank itself, the line of railway will form 
an excellent base on which both to cheek and to connect Uie series of 
(P'oss levels, which, in the first instance, should he taken at two miles 
apart. The datum to wdiich all the levels are to he referied should be 
the level of mean-sea, as determined on the Howrah Dock site, to which 
it is believed all the railway levels are also referred. 

18. The point to which the. canal should tend after leaving the 
river is the watershed common to the Damoodah and the nullah which 
runs between it and the Adjai. 

19. The level plus mean-sea of the bed of the river, say four miles 
above Baiieegunge being known, the cross levels should be taken 
until that level is reached, or until the watershed is crossed, where tlie 
level of the latter may be lower than the governing point in the bed 
of the Damoodah. Beyond the iioint where the Damoodah turns to the 
south, the limits of the cross levels will be the Kana Nuddee, and the 
Boro or Baollca Nullah to the north of the Grand Trunk Road. 

. 20. These levels, having been carefully checked and laid down on the 

1-inch to the mile map, will indicate the general course which the Main 
Canal should follow to Calcutta, as well as the main branches of it, and 
the general levels of it being also thus determined, the actual line may 
then easily and quickly he levelled and surveyed. 



Dimensions of Canai. 
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21. The dimensions to be given to this canal will depeltid somewhat 

on the area of ground it will command, 
but the principle which should govern 
its [>rojerti()n is the area to which water can be conveyed during the 
iuonsooii months when the river has an abundant supply ; for though 
the rainlall at Burdwan averages GO inches during the year, yet 12 
iiu ol that quantity fall^ in months other than that in which the 
iiiain (U'op oi rice is grown, leaving 48 inches for the five months from. 
June to ()eto])cr inclusive, and during these five months that quantity 
is ulten very unequally distributed ; for instance in the month of 


June 

4 

years out of 8 

it varied from 6 to 9 inches. 

.Inly 

1 

ditto 

)> 

it was only 9 


August 

3 

ditto 

)> 

it varied from 5' 80 to 7‘20 


Sept. 

G 

ditto 

)) 

„ 4-80 to 7-95 


Oct. 

(> 

ditto 

» 

„ 0-00 to 3-60 

iy 

22. The two last 

months are those in which the great 

crop 


the greatest hazard from drought, and therefore the canal should be 
designed to supply as large an area as possible so as to meet such a 
contingency. 


2^3. To adapt it for navigation purposes also, it will have to be 

furnished with locks so ar tanged that if 
Navigation. sliould provc ncccssary to 

reduce the canal to still water, the lower lock should be at such a level as 
to keep a depth of 5 feet on the lower sill of the lock immediately 
above it. 


24. The depth during monsoon supply should be 7 feet, and the 
tail not greater than 6 inches per mile, gradually reduced to dead level 
towards the last reach, in proportion as the areas to be irrigated abstract 
the supj)ly and so leave less to be conveyed onwards. 

25. These are details, however, which cannot be adjusted until 
the actual course of the canal has been determined. 

26. The area to be irrigated is that contained between the river 
and high ground north of the Railway as far as Burdwan, and from 
thence between the ivana Nuddee and Baollea Nullah. Half the area 
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commanded Aay be assumed as likely to eventually take water. That area 
is about 800 square miles, which at 500 acres per square mile amounts to 
400,000 acres, half of which or 200,000 acres may be provided for at 
the rate of one cubic yard per hour per acre, or, in other words, the canal 
should be designed for 1,500 cubic feet per second. 

27. In order to ascertain the minimum quantity to be depended 
on for the main crop, the quantity passing Raneegunge this year on the 
80th instant should be measured, and the readings of the gauge, for as 
many years as available, be compared with that of the present year, and 
calculation of the volume deduced therefrom, 

28. The volume passing on the 1st and 15th of each month from 

November to June should also be regu- 

Volume in summer months. , t i 

larly measured, in order to see to what 
extent it ipay have to be supplemented from the Reservoirs. 

29. The terminus of the canal should be made in one of the 
tidal khalls supplied by the Hooghly; probably that at Bally will be the 
most convenient. 


Canal IVom right bank. 


30, For the canal from the right bank the same course should be 

pursued as regards the cross sections, 
but which may perhaps be limited to 
the area between a line passing through Kishtonugger to Burdwan, as 
the canal can only skirt the high ground as far as the former place. The 
entire area (»jpmprised between the two rivers to which watur may be led 
is about 500 square miles, and may contain 250,000 cultivable acres. The 
canal may therefore be taken with a fall of 6 inches per mile as far as 
Kishtonugger, and from thence the levels will shew where it should strike 
the bank of the Dalkissur or Roopnarain, and probably for that distance 
it should be designed as only a navigation line, leaving the irrigation 
to be distributed by branch channels taking off at Kishtonugger, while 
the navigation line is carried on to opposite Ghatal, or wherever the tides 
serve sufficiently to admit of boats passing from the canal into the 
river at all seasons of the year. 


31. All details regarding the distributary channels must neces- 
sarily be left for future examination. ' Their general direction will be 
sufficiently indicated by the series of cross levels. 
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82. During your investigation, you are to take evcry^opportunity 

♦ of obtaining information from every 
available source, Revenue Authori- 


Satistic&l information. 


ties, Zemindars, Planters, Ryots, and others, relative to the crops at present 
cultivated ordinarily, and those which an ample and certain supply of 
water would admit of being undertaken. 


33, Of the yield of such crops, maximum, minimum, and average, 
and the causes of variation, whether arising fr^m description of soil, 
excess or scarcity of water, particular notice should be taken, also of all 
crops at present irrigated, partially or regularly, by river water or from 
wells, the cost of such irrigation, the quantity of water given to dif- 
ferent crops, and the height to which the water has to be raised. You 
will also be careful to ascertain the feeling of the cultivators generally 
regarding irrigation, and explain to them the benefit that will be de- 
rived by the application of the muddy water of the DamooJah during 
the freshes as a feitilizer, though this is a point to which every culti- 
vator is alive. 


34?. All information on this head to be given in English measure- 
ments, areas to be given in acres, and weight of produce in lbs. Indian 
weights, measures, and nomenclature to be avoided as far as possible. 

35. All particulars likewise regarding the traffic which may be 
calculated on passing by this canal should be carefully collected. It will 
consist of most of what is now conveyed by boat down th^Upmoodah, 
also probably some of the coal now taken by rail, and mul^^f not all, 
of the ordinary traffic that now passes along the Grand Trunk Road. It 
is believed also that the present means of conveyance by rail and river 
arc insufficient for the demand on the collieries, so that there may pos- 
sibly be a considerable increase in the quantity of this article. Infor- 
mation on this head will probably be procurable from the Managers of 
the coal mines. The present cost of transport by road, rail, and river 
should be ascertained. 


36. The quantity of work to be executed will, roughly stated, be 
. . , , , about 750 miles of cross levels ou the 

Amount of work to done.' N a i i 

leit bank and J 50 miles on the right 
bank, with perhaps 300 miles of longitudinal sections for main lines 
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arid branches, say 1,200 miles in all. This should be accomplished at the 
rate of 300 miles per month, and, allowing only 75 miles per man, 
will require four levellers, but in flat open country, such as that 
wherein most of the cross levels will have to be taken, a fair leveller 
should accomplish 4 to 5 miles per day. By the end of February, 
therefore, this project should be ready for submission. 

37. As soon as all the information has been collected, the plans will 
best be drawn up after receipt of detailed instructions from myself, 
which will be best and most quickly given to you personally when you 
bring your survey to Calcutta. 

38. For such further investigation, surveying, or levelling as may 
be needed connected with the Reservoir project, additional hands 
must be procured. 

89. An estimate of the probable number and expense of the 
establishment you will require should be framed by you at once, and 
any qualified persons you know of, or may make application for em- 
ployment under you, will be immediately brought to the Lieiitcnant- 
Governor^s notice with a view to their entertainment. 

40. Your correspondence will, in order to save time, until fur- 
ther orders, be conducted direct with the Chief Engineer. 

From thjUgn^ernment of Bengal, to the Government of India, — (dated 

the 30tli May 18G8.) 

I am instructed to forward the accompanying two Reports* 
with Plans received from Lieutenant Heywood, ii. e., who was deputed 
to continue the explorations commenced by Lieutenant Garnault on the 
feeders of the Damoodah, with a view to the discovery of sites for Re- 
servoirs, whereby the floods of that river might be controlled. 

2. The contents of these Reports have been analysed in ‘the ac- 
companying Note by the Chief Engineer of Irrigation, who, while as- 
senting to many of the various conclusions arrived at, considers that the 
total quantity of water recommended to be stored and calculated at r^ths 

• Nots. — One of these R’lports only is printed in this "Selection,” as the other (adverted to in the 
Chief Euglneer'e STetej paragraphs 41) et sey,) refera only to works visited by Oajptain Heywood in Europe. 
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of the maximum monthly rainfall is unnecessarilyTarge, and Hhat suffi- 
cient control over the river would be obtained if provision were made 
for storing three-fouths of a maximum flood, for two such floods rarely 
occur in the same season, and only at considerable intervals. 

3. By Lieutenant Heywood^s investigation the existence of sites 
for Reservoirs, more or less flivorablo, has been clearly established, and, 
apart from the remoteness of the localities in which they are situated, 
there appears to he no reason to question the practicability of their 
construction. 

4. The Lieutenant-Governor, however, believes that the principal 
diflieuHy involved, r/r., the concentration of labor, may be overcome 
in this instance as easily, if not more so than in other localities, inas- 
much as the scene of operations would not bo far from the great labor 
markets of Cliota Nagpore and Sonthalia, and he would therefore re- 
commend that a commencement be made with such of the Reservoirs as 
present, the greatest facilities, and can be executed at a moderate cost, 
more especially as the Chief Engineer has pointed out the absolute ne- 
cessity for some water being stored in connection with the proposed 
canals from the Damoodah now under investigation. 

5. For this purpose three sites on the Damoodah and two on the 
Burrakur seem well adapted fur such a commencement to be made, espe- 
cially as the water stored therein, calculated at 17,500 million cubic 
feet, would, when held back, not only exercise a most perceptible effect 
on the floods, but also be immediately re-productive in supplying the 
Canal from Raneegunge to Calcutta at a time when there would be little 
or none available in the river. 

6. The Lieutenant-Governor is all the more anxious to see this 
experiment tried, as the floods of the Damoodah are still a subject of 
great difficulty, which the measures hitherto adopted cannot be said to 
have practically solved. In your letter No. 347. dated 16th March 1867, 
the Government of India observed that it would not be necessary, nor 
even desirable, that the entire system of storage should be arranged for 
and settled before the works of irrigation are undertaken but added 

that the selection should be made of a few of the most suitable sites for 
Reservoirs, and detailed designs and estimates for them, together with 
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those of the head-works and canals from the Damoodah, should be put in 
hand as speedily as possible/' The Lieutenant-Governor therefore pro- 
poses to have the surveys and estimates made for the Reservoirs enume- 
rated in paragraph 5, as forming a necessary adjunct to the Canal Pro- 
ject, and at the same time offering an opportunity of testing to a not 
unimportant extent, and without additional expense, the principle of 
restraining the floods. 

7. The Lieutenant-Governor considers the Reports reflect great 
credit on Lieutenant Hey wood, and that he is dtserving'ot special com- 
mendation for the ability and energy he has displayed in carrying out 
the investigation entrusted to him. 


Nofe ly Lteutenant-Colonel F. H. Rundall r. e., Chief Engineer to 
the Government of Bengal, Irrigation Branch, on the Rejmrts sub^ 
milted by Lieutenant Heywood, r, e., in connecMoji with his 
exj^lorations for Reservoirs on the River Damooduh and Us affluents. 

Of these two Reports, the one contains the results of an exa- 
mination of the basin of the Damoodah, with a view to the possibility 
of controlling its floods by the construction of a scries of Reservoirs on 
its several feeders ; the other, an account of an inspection of certain 
existing Reservoirs on the Continent of Europe. 

2. The first Report commences with a discussion of the several 
points of rainfall, evaporation, absorption, and the consequent propor- 
tion which drains off the country and causes the flood. 

3. Statements of the rainfall for eight years in Calcutta, Burdwan 
Bancoorah, Hazarcebaugh, and Ranchee are appended, and exhibit the 
following as the mean yearly fall 

Calcutta .. .. .. 69*57 

Burdwan ... .. ... 59 88 

Bancoorah . . . . , . 54*70 

Hazareebaugh .. .. ... 75*52 

Ranchee .. ... .. 39*28 

4. These places are perhaps scarcely sufficiently numerous to 
obtain an accurate idea of the mean yearly rainfall over the whole basin. 
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but Lieutenant Hey wood^s deductions are probably not far fi»m correct. 
He assigns a mean between the fall at Haz^reebaugh and Ranchee, or 
57*40 inches over an area of 2,100 square miles to the south of the 
plateau, and for the 1,200 square miles to the confluence of the Burra- 
kur he takes the quantity registered at Bancoorah, also 57*40, while 
for the Hazareebangh plateau itself, an area of 900 square miles, he 
allows the full fall registered at that place, vix.y 75*52 inches. 

5. For the basin of the Burrakur, or 2,700 square miles, he 
assumes a mean between that of Hazareebangh and Bancoorah of 
60*44 inc'hes. 


6. From the above he deduces the following as the mean rainfall 
during each of the undermentioned years : — 




. . 39*55 Inches. 

18G1 


.. G197 

}> 

1802 


73-65 


1803 


.. 72-79 

}} 

18GA 


. . 40-Gl 

» 

18G5 


G5-85 

» 

180G 


.. 77-18 

}> 

The greatest mont/dij rainfall occurred. 

viz,*-- 


At Hazareebaugli in 

August 1862 

.. 31-13 

Inches. 

,, Ranchee „ 

July 1864 

.. 16-90 

9> 

,, Bancoorah „ 

„ 1862 

.. 22-10 


,, Burdwan ,, 

„ 1861 

. . 24-95 


„ Calcutta „ 

June „ 

. . 26-44 

fy 


8. The greatest daily rainfall noted was — 
At Hazareebaugli 25th September 1863 

,, Bancoorah 22nd ,, 1860 

„ Burdwan 26th October 1868 

„ Calcutta 2ud July 1866 


13*0 Inches. 
0*20 „ 
8*70 „ 

4*20 .. 


9. The first point noticeable in the above statements is the ex- 
treme variation of the annual rainfall, and the next, that in no two 
])la(*es in the catchment basin does the greatest monthly or daily rain- 
fall ever occur siniultaueously. It has been supposed that the discharge 




See Appendix II, at the end of this Volume* 
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of the Damoodah fiood has reached 600,000 cubic feet per second, 
and that it has been the result of a rainfall of 13 inches over the entire 
catehnnent basin. Such a fall, supposing that of it were to run off 
the country, would amount roughly to 7,000 >c 28,000,000 X ^^=145,300 
millions cubic feet, and require the full discharge of 600,000 cubic feet 
per second over a period of 67 hours; whereas the Damoodah rarely if 
ever remains at height for more than three hours. It is clear, 

then, that whatever may be the maximum discharge of the l^amoodafi, 
it cannot be the result of any such fall of rain as 13 inches over its 
whole catchment basin. 

10. The experiments made regarding evaporation do not have 
much bearing on ihe question, as whatever may l)e the total amount 
evaporated during the year, it would not necessarily affect the quantity of 
water which might run off the basin in any particular burst of rain 
during the height of the monsoon ; but there are other points which 
do materially affect it, and amongst them is the geological formation of 
the basin and the absorbing power of the rocks comjiosing it. 

11. The fact that the floods of the Damoodah are violent and 
rapidly carry off the rainfall, while during the dry season a mere driblet 
of water passes down the river, indicates that the rocks contained in its 
basin have very little power of absorption, and that therefore the sur- 
face drainage bears a large percentage to the rainfall. Lieutenant 
Heywood next gives a tabular statement of the discharge of the Da- 
moodah for various heights on the gauge at Raneegungc, where the 
spill of ihe river is inappreciable. This statement is deduced from 
sections taken by Lieiitenant Garnault, and they make the maximum 
flood, marking 19*29 on that gauge, to carry 343,657 cubic feet per 
second. From this table he has compiled a statememt shewing a com- 
parison between the water shed off and the rainfall, and arrives at the 
result that about tbs of the whole yearly rainfall passes off through 
the drainage channels. As far as can be judged, this result ^ appears 
sufliciently correct for all practical purposes. 

12. More recent sections, taken ‘ very carefully between Ranee- 
gunge and the confluence of the Burrakur, give for the maximum 
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discharge of the river 323,000 cubic feet per second, without any 
allowance for the displacement of the sand. 

12. But Lieutenant Hey wood states he has verified observations 
previously made by Lieutenant Granault and others regarding an extra- 
ordinary flood which oceured in 1823, and which, if the traditional 
flood marks are correct, he calculates must have reached the enormous 
quantity of 3,423,000 cubic feet per second. Adopting, however, 
Colonel Goodwyn^s observations instead of his own, he makes the 
discharge in that year to have reached 1,605,000 cubic feet per second, 
and from that argues that Colonel Dickenses assumption of a maximum 
flood being 600,000 cubic feet per second ^Ms not above the truth.^^ 

14. A cycle of nearly 50 years, however, has now passed without 
an approximation to anything like the traditional flood of 1823, and 
the careful sections of late years, when the height of extraordinary 
floods must be tolerably fresh in the recollection of the villagers living 
on the banks, cannot make the extraordinary flood of 1866 even 
approach within §rds of the quantity assumed in Colonel Dickenses 
memorandum of 1853. I confess to feeling sceptical as to the probabi- 
lity of the large figures above quoted, as when reduced to the test of 
carefully kept registers of rainfall, it would seem to be beyond the 
bounds of possibility, and contrafjy to the laws of storms, that the 
enormous rainfall, from which thos^above-mentioned traditional floods 
could only have resulted, should have taken place simultaneously over 
an entire catchment basin of 7,000 square miles. 

15. Though the period over which the rain registers have been 
kept is small, yet still within that time memorable floods have occurred, 
and a comparison of the rainfall with that of the water discharged by 
the river will give, though perhaps not a perfectly accurate result, yet 
a sufficiently near approximation, to show how the rain is distributed, 
and the quantity that may be assumed as an average fall within a given 
time over the whole basin. 

16. The area of the entire basin above the confluence with the 
Burrakur is estimated at 6,300. square miles, equivalent to 176,400 
millions square feet. Turning now to the particulars of the ten floods 
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wbicb haVG. of late ;^ars occurred in the Damoodah, it is found that 
the gauge at Raneegunge stood highest in the following years 


1859 

18^ 0” 

1860 

18’ 0” 

1803 

18’ 4” 

1805 

20’ 0” 

]860 

19’ 6” 

17. The rainfall for 1859 is_ 

unfortunately imperfect. In LieU' 


tenant Ileyvvood^s Report llie fall at Ranchee has been omitted, while 
that at Hazareebaugli api)oars not to have been procurable. The 
omission of the first is sup})lied from the selection of Government 
Records for 1859, and a comparison of the fall at Ranchee and Haza- 
reebaiigh res])ecti v* ly, in months suhsequent to the occurrence of the 
flood, shews that there is generally twice the amount of rain at the 
latter place. On tliis assumption the rain which produced the flood 
of 1859 was distributed as follows 


1)atb. 

Edilpore Gauge. 

Raneegunge Gauge. 

Rainfall. 

Average over the 
whole basin. 

Proportion drained 
off at 7-10. 

Year. 

Month. 

Day. 

Ranchee. 

Burdwau. 

Bancoo- 

rah. 

Hazareebaugh. 





Ft.lns. 






i 





26th 

6 0 

... 

0-20 

0-60 

1*40 

0.40 

0-83 

0*58 




26th 

6 2 

f tt 

0-70 

0-80 

0*00 

1*40 

0*97 

0-68 

1869 ... 

July ... J 














27 th 

5 0 


6*50 

1-80 

3*30 

11-00 

6*40 

3*78 




28th 

14 6 

18’ 0” 

0-30 

0*00 

0-00 

0*60 

0*22 

0*15 


The following description is given of this flood : — 

18. At hidilpore the river commenced rising from a level of 5 
feet very early in the morning of 28th July, and at noon attained its 
greatest heiglit of 14^ 0^^, winch it maintained for three hours. At 3 
p. M, it began to subside and fell one loot by o^clock the same even- 
ing, and the following day at noon, it was down to 10^ 6^^ on the 
gauge. 
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19. Tbc number of taim tlmrofore .h« irau~»l*l> 

inundating level was 


ilpus above 


Between 27tli anil 28th 
28th „ 2!Hh 
„ 29th „ 30th 


II Z hours. 



40 hours. 


20. Prom tho above it appears that the flood remained at its 

greatest height for only tlireo hours. The table of discharges gives for 
that height of 18 feet a volume <<f 296,265 cubic feet per second ; 
or a total quantity during the three hours of 296,265 3,600 x 

3 = 3,199,662,000 cubic feet. This quantity, divided by 176,109, the 
area of the whole basin, gives a rainfall of *0715 of an inch per hour, 
or of 1*79 inches during 24 consecutive hours. The average rainfall in 
the same time for the three days previous to the flood shews 2’4 inches, 
or about *60 of an inch, or ^rd more in excess. 

21. Tlio flord of the following year lasted 60 hours, and is cal- 
culated to have discharged during that time 57,302,587,906 cubic feet. 
It reached the same height, v/r., 18*0 on the Raneegimge gauge, but 
the exact time for which it stood at that height does not appear to 
have bt cn registered. The total quantity calculated to have passed down, 
the river during the flood, however, is equivalent to 3’9 inches draining 
olF, or 5*85 of raiiifall. From the table in paragraph 45, assuming 
similar relative proportions between lianchee and Hazareebaugh as 
before, the registered rainfall amounts to 3*915 inches, or about *062 of 
an inch per hour. The calculated discharge divided by 60, the number 
of hours through which it lasted, gives *98 of an inch per hour, 

22. Passing on to the flood of 1863, it is calculated that the dis- 
charge between noon on the 24th to morn on the 27th amounted to 
63,800,000,000 cubic feet, or to 886,000,000 cubic feet per hour, 
equal to a rainfall of *09 of an inch per hour, or of 2*16 per day. The 
registered rainfall gives an average of 2*09 inches. 
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'23, TJlie roadingsHbr tlie year 18G5 wore defective, but from those 
of the next recent flood of 1866 the discharge is calculated to have 
reached 59,170,586,400 in 55 hours, or 1,075,823,390 per hour, equiva- 
lent to a rainfall of *1152 of an inch per hour, or 2*76 per day. The 
registered rainfall, omitting' Ranch ee, gives 3*63, or, inclusive of that 
place, only 2*83 inches, which is remarkably corroborative, 

24, Tabulating the above, the comparison between the registered 
daily rainfall producing great floods, and that calculated from the dis- 
charge, is as follows : — 



1859. 

1860. 

1863. 

1866. 

Registered average 

fall 2'4- 

1-24 

2-09 

2-83 

Calculated ditto 

... 1-79 

2-34 

2-16 

2-76 

For the liouf ly rainfall the comparison shows 

: — 


1859. 

1860. 

1863. 

1866. 


Inches. 




By rain register 

... 0100 

0-052 

0-087 

0-118 

Calculated ditto 

... 0075 

0-098 

0-090 

0-115 


26. Though tins comparison does not shew results perfectly 
accurate, yet they are sufliciently mutually corroborative to establish 
the fact that the heaviest floods of late years, regarding which 
tolerably careful observations have been taken, are due to no greater 
distributed rainfall than three inches per day over the whole basin ; 
that though in individual localities a much greater fall may he ex- 
perienced, yet such is limited in extent, and its effects as to floods are 
mitigated by the respective distances which the water has to travel 
before it reaches Kaneegunge ; and that as the actual observations of 
late years are probably more correct than the deductions from the 
limited observations of former years, they serve to throw great doubt 
on the possibility of such an extreme flood as is said to have occurred 
in 1823. 
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27. The flood of 1866 is particularly institrftive as to Jhe manner 
in which the rainfall^ in successive portions of the basin^ arrives at a 
given place on the river. 

28. The observations for that flood were made at Edilporc. 

29. On the 30th June 4*50 inches fell at Bancoorah. On the 
morning of 13th July the river commenced to rise, the gauge showing 
at 10 A. M. 11 feet 6 inches. By evening it read 14 feet. During the 
Istj 4’80 inches more fell at Bancoorah, 5 inclies at Burdwan, and 9 
inches at Hazareebaugh, thus showing the direction in which the 
storm was travelling. 

30. On the 2nd July the river gauge still read 14 feet, thus 
shewing that the supply was kept steady by the same fall of which, 
that at Bancoorah was the measure. In the afternoon there was a 
slight fall of 6 inches in the river, indicating that the source which 
had supplied the first flood was exhausted, i, e., the rain had ceased, 
but by 1 A. M. of the 3id, or 7 hours afterwards, the gauge had risen 
to 15^ 0^^ or 18 inches higher, thus shewing that the rain which had 
fallen at Hazareebaugh, the most distant part of the watershed, had 
only then begun to arrive. It remained at this hieght, however, for 
a very short time, for in 9 hours afterwards it had fallen 4 feet, thus 
proving that the area over which the largo quantity of 9 inches had 
fallen must have been comparatively limited. 


31. Comparing this with the readings of the Burrakur, it was 
evidently the rain which had fallen on the catchment basin of that 
river which caused the sudden rise to 15 feet on the Edilpore gauge, 
as the Burrakur rose, from 2 p. m. to 7 p. m. on the 2iid July, from 
13‘58 to 16*25, having at 7 p. m. of previous day read only 10*66, 
and on 7 p. m. of the JoUowing day had fallen to 8*50. The Barrakur 
had thus, at the height of its flood, added, according to the table given 
in paragraph 35 of Lieutenant Hey wood's Report, 80,422 cubic feet per 
second to the volume of the Damoodah. 
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S2. Tho relativfe heights on the Edilpore and llaneegiinge gauges 
are by no means clearly definable from the tables, as there are several 
manifest discrepancies ; but as far as it is possible to judge, a height 
of 13 feet G inches at Edilpore corresponds with 17 feet 6 inches at 
Raneeguiige. The calculated volume passing at the latter place for 
that height would be 280,800 cubic feet per second, to which if 
80,422 cu1)ic feet be added, it would give 361,222 cubic feet as the 
discharge of the river due to a height of 19 feet 6 inches on the 
Kaneeguuge gauge, which corresponds fairly with the amount given 
in the table against a height of 19’29. 


33. The two conditions which render a flood destructive arc, 
first, the actual volume of water passing down the river; and, secondly, 
the length of time it continues to pass. 


34. In paragraph 47 of Lieutenant Heywood^s Report it is 
stated that when the river is below 10 feet on the Edilpore gauge 
there is no overflow, and that the volume then passing measures 
237,000 cubic feet per second. 


35. Tlie greatest discharge measured on the Raneegnnge gauge 
was in 1806, and must have been 361,222 cubic feet per second. The 
greatest total quantity which passed during one day was 25,099 
millions nearly, and the total discharge of the whole flood 59,171 
millions. The quantity discharged at Edilpore during the same period 
amounted to 47,271 millions ; so that, if the difference, or 11,900 
millions, could have been held back for three days, the floods would 
have passed off without injury. It is the possibility of thus holding 
back the flood by means of Reservoirs judiciously situated that has 
been the aim of Lieutenant Heywood^s in ves ligations. Prom the 
calculations just given, it would seem that the quantity of water. to he 
retarded is comparatively small. A Reservoir to contain 12,000 
millions cubic feet, supposing the average depth of the water to be 40 
feet, would only require an area of 300 millions square feet, or 11 
square miles, less than the area of many tanks in Madras; but a 



f 121 ) 

single Reservoir would not answer the purpose, and were it sufficient, it 
would be better to distribute the same quantity of storage amongst 
three or four Reservoirs, so as to catch a relative proportion of the rain 
as it travelled over the respective portions of the catchment basin. 


36. It would not, however, be safe to calculate on the retardation 
only of the exact quantity that would appear to be necessary to retain 
the flood within the natural banks of the river, for there is another 
element to be taken into consideration, and that is the intervals 
between successive floods. This subject is discussed by Lieutenant 
Heywood in paragraphs 61 and 71, where he shows the shortest spaces 
of time which so elapsed in July 186^, in which month there were eight 
freshes, the intervals on three occasions being only one day, on one 
occasion two days, two occasions three days, and on one occasion five 
days, but of these floods only three reached the height of 11*0 on the 
Edilpore gauge, and at intervals of 8 and 14 days * respectively, which 
would have allowed abundance of time for the Reserviors to have 
emptied themselves against the arrival of the next flood. 


37. As a precaution, however. Lieutenant Heywood proposes to 
retain fpths of the greatest observed monthly rainfall, or 17 inches 
for the whole basin, and nearly 22 inches in the afliuents flowing 
from the Hazareebaugh plateau. At this rate the total quantity of 
■water to be stored would amount to the large quantity of 233,233 
millions cubic feet. 


38. This quantity, I am of opinion, would be unnecessarily large, 
unless of course it can be made available for purposes of irrigation 
afterwards. For simply retarding or regulating the floods, it would be 
sufficient to provide for the storage of f ths of the quantity which is 
known to have produced a maximum flood like that of 1866. The 
average over the whole basin during the three days that the rain then 
lasted was under 6 inches, 5 ^ths of which would be 4*2 inches, so that 


B 
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1 , ,, P, 300 x 28.000, 000x4’2 

the quantity drained off would amount to j 2 = 61,74U 

millions, fths of which would be 46,300 millions. It is impossible to say 
what the actual cost of storage would amount to, but if it did not average 
more than Rupees 50 per million cubic feet, a liberal allowance where 
water is stored on a large scale in this country, the total cost would be 
Rupees 23,15;000, and the interest at 10 per cent, Rupees 2,31,500, or 
Rupees 1^ upon the the acreage which the proposed canal from Ranee- 
gunge will irrigate, whereas the above quantity would be sufficient for 
the irrigation of about 500,000 acres of coldweather crops. 


39. The result of Lieutenant Heywood^s investigation was the 
discovery of 12 sites for Reservoirs on the Damoodah more or less favor- 
able, the aggregate capacity of which is estimated at 55,000 millions of 
cubic feet, and of six sites on the affluents of the Burrakur aggregating 
9,300 millions cubic I’ect. 


40. Of the former, however, only eight are favorable as far as the 
slope of the river is concerned, and in all of them the length of dam is 
greater than desirable. The total length of dam being 41,845 feet, the 
maximum height of these Reservoirs varies from 45 to 130 feet,.aud 
the mean height from 10*74 to 68 feet. 


41. A reference to the subjoined table will show at a glance the 
sites which are most favorable, as also the cost in each case of storing 
1,000,000 cubic feet, varying, as will be seen, from 11’5 to 94*4 
Rupees. The two last sites are by no means favorable, owing to the 
great length of high dam which appears to he necessary. The prices 
affixed are based on the cubic contents of each lineal foot and. a liberal 
rate per 1,000 cubic feet. The multiplication of columns 7 and 11 
gives the value in column 12, which divided again by the quantity in 
column 4 furnishes the rate in column 13. 



Table of Reservoir sites on the Ramoodah and Biirrahir and their AfJnentSj shewing the dimensions of the Bam^ 
contents of Reservoir^ and probable cost of Earthwork per million cubic feet of zoater stored. 

DAMOODAH. 
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42. Of the six on the Burrakur only the first and sixth 
are favorahFe, the former particularly so, owing to the dam being so 
short. The first, third, and sixth might, however, be undertaken, as the 
average cost would not amount to more than 1,10,000 Rupees for 6,600 
millions cubic feet, or only Rupees 17 per million. The cost per running 
foot of dams on the Burrakur will of course be smaller, as so much less 
height of dams is necessary than on the Damoodah. 

43. As far then as the existence of sites and the probable expense 
of construction of the Reservoirs are concerned no obstacles seem to 
exist. The real difficulty in the matter is the practicability of construct- 
ing such works in remote localities, away from any population, and in 
an unhealthy climate. 

44. "With proper arangements, however, there is no reason why 
these difficulties should be insurmountable. At all events it will be de- 
sirable to make a commencement with two or three Reservoirs, the blinds 
of which are short and so capable of being constructed in a single season. 

45. For this purpose I would recommend Nos. 1, 3, and 8 in the 
Mahcan, Gurhee, and Konareo affluents of the Damoodah and Nos. 1 and 
C on the Burrakur being regularly surveyed and estimated for. The 
maximum heights of the dams on the first-named are 45 and 80 feet 
respectively, while the mean heights are only 10*74, 24*47 and 30*37. 
The total estimated capacity is 12,500 millions cubic feet. 

46. The maximum height of the two Reservoir bunds on the 
Burrakur is 54 feet, while the mean heights are 38 and 28 feet res- 
pectively, and their estimated contents 4,500 millions cubic feet. 

47. The aggregate of the five Reservoirs will thus be 17,000 mil- 
lions cubic feet, or rather more than Jth of the whole quantity 
of water shed off in a great flood like that of 1866, sufficient to have 
lowered the level of the river to within its natural banks at Edilpore and 
so prevented any destructive effects. 

48. The cost of storing the above quantity of 17,500 millions, 
even at a rate of Rupees 50 per million, will be only Rupees 8,75,000, 
while the water will be immediately available for irrigating during the 
cold weather the area of 200,000 acres commanded by the Raneegunge 
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Canal, and so become at once remunerative. Indeed, in order to make 
this latter scheme complete, it is absolutely necessary to provide for 
storage, otherwise there will not be sufficient water in the river to keep 
the canal deep enough for navigation. Even by January the volume of 
the Damoodah falls to below 300 feet per second, and is still further 
reduced by March to less than 100 feet. Such being the case, the two 
projects must be so far taken up simultaneously. By commencing with 
the Reservoirs which I have selected above, we shall not be undertaking 
anything beyond what has already been done, as there are several tanks 
in various parts of the Madras Presidency of equal if not of much 
greater capacity. 

49. Lieutenant Heywood^s second report will now properly come 
under notice. It contains detailed descriptions of the principal Reser- 
voirs inspected by him in France and Spain. The particulars, though 

• very interesting and useful wherever similar works may have to be un- 
dertaken, are not of practical application to the construction of Reser- 
voirs in this country, the dams of which, with only one exception, com- 
ing within my own knowledge, are all built with earth and not with 
masonry. 

50. The sites of the works described by Lieutenant Heywood are 
all very unfavorable, being selected near the sources of the respective 
rivers, where the slope of the bed is very great. Probably these sites 
were forced upon the Engineers who designed the Reservoirs from a 
variety of imperative circumstanccvs ; but tlie result is, in the only 
instance where the outlay is cited by Lieutenant Heywood, that the eost 
of storage is most excessive, viz., in the Rochetville Reservoir, which is 
stated to have cost £64,000. 

51. Though its capacity is not given, yet the mean annual dis- 
charge of the liver ^^Turens^^ is stated to have been 17 '6 cubic feet per 
second for eight years. If it is this quantity which is stored, the 
capacity of the Reservoir would be about 550 millions cubic feet, and 
the cost upwards of Rupees 1,160 per million, or less than 900 cubic 
feet per Rupee, a cost which is utterly out of the question for India. 

52. It is not, however, necessary for us to go to European coun- 
tries to learn the art of constructing Reservoirs. The natives of India 
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are much older EngIfieFers in this respect than those of any other coun- 
try, and the magnificent tanks studded throughout the Peninsula in the 
Carnatic, Mysore, and Hyderabad territories afford examples of struc- 
tures of every variety and description, while their existence after so 
many centuries is the best test of the correctness of the principles on 
which they have been constructed. The point, however, on which more 
experience is really required, is that of the arrangement for working 
sluices under heavy head of pressure. The details given in some . of 
Lieutenant Heywood^s plans will be useful in this particular. 

53. It is necessary to notice that the rule regarding waste weirs, 
quoted as having been issued by Mr. Rawlinson after the failure of 
the Sheffield Reservoir, could not be safely followed in this country 
where the Reservoirs arc on so much larger a scale, and exposed to terri- 
fic squalls of wind, which in a few minutes not only raise very high 
waves but pile up the water from the opposite extremity of the Rescr-. 
voirs against the embankment. In a Reservoir 75 feet deep and 6 or 7 
miles in length, it would not bo safe to have the crest of the weir less 
than 15 feet below the top of the bund, while its length should be suffi- 
cient to discharge the extreme flood of the river across which the Reser- 
voir is thrown ; so that, in the event of its being overtaken by a flood 
when brimfull, there would be no danger of having its surface level fur- 
ther raised. Tiiesc points, however, are matters of detail to be ar- 
ranged in each project at the time that it is designed. 

54. I would only add by way of conclusion that Lieutenant 
ITeywood^s two Reports, besides being repL te with great professional 
ability, bear the evidence of much patient and careful thought. They 
arc certainly the result of much energy and labor bestowed on investiga- 
tions in an isolated and difficult part of the country, and at the sacrifice 
of all personal comfort, and have fairly earned for their author special 
commendation from the Government. 

Report hy Captain H. W. Gaunault, r. e., ori, the Project for a Canal 
for Irrigation and Kavigaiion connecting the Damoodah and Uooghly 
Mivers, — (the August 1868.^ 

In accordance with the instructions contained in Joint Secre- 
tary's No. 240Z. of 24th October 1867, I have the honor to submit a 
project with estimates for a canal from the Damoodah to the Hooghly. 
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Accompanying the project are the following plans and drawings 

1 Book containing plans and sections of the lino. 

1 Roll of Drawings, — 


Drawing No. 

1, W^cir across the Damoodah. 


No. 

2, Shutters for Under Sluices. 

i) 

No. 

3, Head Sluices. 


No. 

4, Entrance Lock. 

y) 

No. 

5, Syphon Culverts 3m. 3f. 

yy 

No. 

6, Aqueduct over Singarun. 

yy . 

No. 

7, Canal Weir and Lock. 

yy 

No. 

8, Tumlah Aqueduct. 

yy 

No. 

9, Road Bridge. 

yy 

No. 

10, Aqueduct over Bankakhall. 

yy 

No. 

11, Double Plight Lock. 

yy 

No. 

12, Syphon Culverts. 


The staff employed on the work have been Messrs. Whitfield and 
Unwin^ c. B./Mr. Kriens, Mr. Nicholson^ Baboos Gopaul Chunder Paul 
and Ausootosh Singh. 

3. The first 24 miles were surveyed and levelled by Mr. Nicholson ; 
from 24th to 5()th mile by Mr. Whitfield and Baboo Ausootosh Singh ; 
from 50th to 72nd by Mr. Unwin and Baboo Gopaul Chunder Paul; 
and from 71st to the end by Mr, Whitfield, Mr. Kriens, and Baboo 
Ausootosh Singh. 

4. Messrs. Whitfield and Unwin only arrived from England in 
April ; they went out into tents at once and worked most zealously 
and efficiently till 15th of June ; they were therefore working in the 
hottest and, during a portion of the time, the wettest season in the 
year ; most, too, of the decorative part of the book of plans is due to 
the exertions of Mr. Whitfield. 

SECTION 1. 

Introductorj /, — The Government of India ruled in their Circular 
No. Ill of 5th November 1867 that certain data should be 
collected in the districts in which an irrigation project was 
proposed while the engineering surveys were being undertaken. 
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and suggesfied certain questions, particulars of which might be usefully 
obtained. Before, therefore, describing the proposed canal, I will 
endeavour to answer these questions seriatim.. The information has 
been obtained from the Collectors of Hooghly and Burdwan, certain 
Zemindars, and my own personal observation. On the whole it is not, 
I think, satisfactory, and inclines more to opinions than facts ; but to 
obtain reliable information on the points suggested, one or more 
OfiBcers should be specially deputed to examine the ivhole District dui- 
ing the cold weather, to measure the land under cultivation, note the 
mode in which irrigation is practised, the quantity of water given at each 
flooding, the labor of giving it, &c., &c. : this would enable us to 
calculate with tolerable accuracy the cost of irrigation per acre, but I 
fear the result or advantages of the irrigation could never be obtained, 
certainly not from ryots, who view with extreme suspicion any enquiry 
into their profits, aud invariably under-rate them. 

Such an enquiry as this would probably occupy the entire time of 
two or three Engineers for the whole time that the crops were on the 
ground. 

I will arrange the questions and answers in juxta-position. 

1. The rainfall from actual ob- 1. In Appendix A. are Tables 

servations, with its distribution shewing the rainfall in Burdwan 
through the months of the year ? and Calcutta in each month from 

the year 1859 to 1867 inclusive. 

2. The depth of water below 2. Water is met with in Ra- 
the surface ? neegunge and for 10 or 12 miles 

to east, at about 12 to 25 feet 
below the surface; from that point 
to Calcutta at about 10 to 12 feet. 

3. Whether irrigation is now 8. With regard to the extent 

practised, and to what extent, ac- to which irrigation is practised, 
tual areas being stated ? the Collector of Burdwan. states 

that “ no special means of irriga- 
tion are provided in this District ; 
in drought irrigation to a limited 
extent is practised by leading the 
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water of taftks to a considerable 
distance where requisite : gene- 
rally speaking, irrigation is not 
much wanted/' 

The Collector of Hooghly states 
irrigation is carried on througli- 
^^out the District generally and 
all along the course of the Kiina 
and Sursuttce Rivers : the mode 
does not differ from that in other 
parts of Bengal. The water is 
first raised from the tank into 
small reservoirs, from which 
again it is conducted by small 
surface canals as far as the water 
will flow : this, however, seldom 
extends more than 100 yards 
from the tank or idver side/^ The 
Collector, although unable to state 
the area of the land irrigated, be- 
lieves it to be nearly equal to the 
area of the District, which is said 
to be 4,500 square miles. 

I must say that I do not agree 
with the Collector of Burdwan in 
his remark that, generally speak- 
ing, irrigation is not much wanted 
in that District : my own experi- 
ence leads me to the oiriuion that 
all the available water is used for 
irrigation, and the want of water 
is the only limit to general irriga- 
tion throughout the District. Be- 
tween tlie point where the canal 
starts and Burdwan there is not a 
mile along the line in wliicli irri- 
gation of some kind is not resorted 

s 



to under great difficulties, and with 
but a small quantity of water : the 
small streams are dammed, and the 
water lifted from them by sewnies 
or baskets about 8 or 10 feet. Near 
Eaneegunge the water is lifted 
from wells, where the surface of 
water is often 15 or 18 feet below 
the surface : nearly all the tanks 
are made use of. It is very much 
the same in the Ilooghly District; 
near all the villages irrigated crops 
are found ; and travelling down 
from Burdwan to Calcutta I saw 
rice crops being irrigated on tbe 
23rd June this year, notwith- 
standing the heavy rainfall from 
Jth to {he 19th of the same month. 
Mr. Herscliell, the Commissioner, 
who was in the train, saw this also. 

In the spring of the present year 
I was struck with the very great 
increase of rubhee crops in the neigh- 
bourhood of Pundooah, Mymarcc, 
and Boinebee over what I had seen 
at the same places in 1803-64. I 
must say that refusing to believe that 
the agriculturists of this part of Ben- 
gal would not use water for irriga- 
tion, (when wc see all the available 
water being used), if they could 
obtain it at a reasonable price, 
seems very much like the opinion ex- 
pressed by men of great experience 
in India before llailways were con- 
structed, that natives w’ould not 
travel by them ; and to delay 
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4. The character of the agri- 
cultural reasons, whether the divi- 
sion of khurreef and rubbee is 
maintained or not? 


5. The more important crops of 
the districts^ giving* approximate 
areas of cultivation ? * 


making a ffiiifalj becaus^ the area: 
irrigated now is small, is like the 
argument which has often been 
brought forward for not making 
a road, viz,^ that there is no traflic. 
With regard to cost of irrigation, 
I calculate roughly that an acre of 
rubbee crops now irrigated costs the 
ryots from 6 to 8 Rupees at least 
during the season, and this does not 
include the sinking of wells or 
making channels from tanks, or the 
implements used, and even then the 
crops arc but indifferently watered. 

4. The agricultural seasons are 
divided into the rice and rubbee ; 
the former is cultivated from June 
till about the end of November, 
the rubbee crops from November 
till March. 

5. The principal crops of the 
District are Aus and Aman rice, 
surgar-cane, potatoes, chillies, 
cnllai, gram, til, pan or betel, jute, 
pulses, vegetables of all kinds and 
mulberry. 

The area cultivated in the Bur- 
dwan District is as follows : — 

Acres. 

Aus rice ... ... 40,000 

Aman ... ... 6,10,000 

Other crops used for 

food 38,000 

Crops not used for 

food 16,500 


Total ... 7,01,500 
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In the Hooghly District the 
area may be put down at 4,500 
square miles> deducting | for vil- 
lages, tanks, &c., the area cultivat- 
ed may be put down at 1,440,000 
acres. 


G, The weight of the ordinary 
produce of the unirrigated crops 
per acre for comparison with the 
produce of irrigated lands in the 
same or neighbouring Districts ? 


7. Whether there is at present 
any important export of agricultural 
produce ; and, if so, to what places, 
and what arc the chief staples ? • 

8. What are the chief marts 
for the agricultural produce of the 
District, and wluit are the chief 
lines on which water-carriage is 
likely to be most valuable for pur- 
poses of inland trade, cither in res- 
pect to agricultural produce or any 
other commodity ? 


6. The Collector of Burdwan 
states that the produce of unirri- 
gated crops is about 18 maunds^ 
of paddy per acre, and of irriga- 
ted crops 30 maunds paddy, where 
naturally irrigated every year by 
river overflow. 

In Hooghly the Collector re- 
ports that ordinary produce of 
paddy is 15 or 18 maunds per 
acre: the produce of irrigated 
crops is not stated. 

7. There is considerable export 
of agricultural produce to Chander- 
nagore, Biddabatty and Calcutta 
of rice, sugar-cane and potatoes, 
but no particulars are obtainable. 

8. The chief marts in the Biir- 
dwan District are Culna^ Cutwa,. 
Burdwan, Mancoor, Dignuggeiv 
Gooskarrah, Bhcdia, Jamalporeand 
Chuckdiggee, and^ in the Hooghly 
District, Hooghly and Biddabatty. 

In the Burdwan District the 
Collector of Burdwan ‘suggests 
that the only line proposed by the 
large Zemindars of the District is 
one starting from the Kamghur 
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Jungle passing through 

the centre of the District in a 
south-east direction and fallinff 
into the Hoog’hly a few miles 
below Culna. 

I take the Eamghur Jungle 
Mehals to mean the Hazareebaugh 
District ; the proposed line there- 
fore would involve a canal about 
250 miles in length ; it would 
cross many of the afliuents of the 
Damoodah, among them the 
Durrakiir, which discharges about 
two-thirds of what the Damoodah 
itself does, and the Bnrrakur water 
would be lost without very expen- 
sive works were resorted to for 
letting it into the canal. 

I think tlicse reasons alone, — to 
say nothing of its being far away 
from the principal collieries, — are 
sufficient to deter any consider- 
ation of this line for the present 
at any rate. 

The Collector of Hooghly sug- 
gests two lines, — 

— From Chunderkona to Cal- 
cutte via Ghatal. 

— Sreekristopore to Mugra. 

The former of these lines would 
be better made from the Selye as 
far as Ghatal : from Ghatal water 
communication now exists through- 
out the year. The latter line is 
only a short one, and would be of 
no use whatever for the conveyance 
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0. Wliafc will be tlic probable 
fair money value of water to the 
cliicf crops likely to require it ? 


10. Wlietlicr the settlement of 
Laud Revenue is permanently fixed 
or not ? 

11. Whether the Landholders 
will be likely to co-()i)crate with the 
Government in the extension of 
irrigation ? 

This should be ascertained from 
actual enquiry of the chief of them. 


la. Whether any special ar- 
rangements arc suggested in rela- 
tion to the system of charging for 


of minerals: the line now pro- 
jected will run about midway 
between these two places, and 
branches could he carried to both 
places if required. 

9. The Collector of Burdwati 
suggests Rupees 2 per acre on the 
average, and the Collector of 
Hooghly from 4 annas- to 2 Rupees. 
I think myself that Rupees 3 per 
acre for the sjiring crops and 8 
annas for the ric^e crops should be 
at first charged, subject to increase 
hereafter. 

10. The settlement of Land 
Revenue is permanently fixed 
throughout the District through 
which the canal passes. 

11. All the principal Zemin- 
dars say they would second the 
aims of Government in inducing 
the cultivators to take the water. 

Toy my own part I do not think 
much inducement is required, as 
the cultivators throughout the Dis- 
trict arc alive to the advantages of 
irrigation, and would, I think, at 
once avail themselves of it, provid- 
ed the cost is not excessive, and 
the distribution given when re- 
quired, and without any trouble to 
the people taking it. 

12. The Collector of Rurdwan 
says that no special arrangement 
is necessary; the Collector of 
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the water supplied consequent on Hooghly tbiAs that the Zemindars 
any peculiarity of the tenure of should be charged in lump sum^ 
land or otherwise ? as collecting it from the cultivators 

wouy. entail more trouble and 
expense than collections would be 
worth. 


13. Whether any protection by 
drainage, or embankment, or other- 
wise, is at the same time needed for 
the District, or parts of it ? 


I agree with the Collector of 
Hooghly in thinking that his plan 
would involve less trouble, but it 
has many objections. In the first 
place, judging from the relations 
that have hitherto existed between 
landlord and tenant in Bengal, it 
is not impossible that the rent en- 
hanced by Zemindars on account 
of water would be really more than 
the amount paid by the Zemindars to 
Government, and the royts might 
thus be driven to refuse to take 
water. If it could be possible, it 
would, I think, be better to arrange 
the land to be irrigated into areas, 
cither by villages or some other 
means, and give the cultivators of 
that area the means of taking 
what water they like at any time 
for a certain annual rent : this ar- 
rangement, however, could only b© 
made with regard to the irrigation 
for the rice crop. For the rubbee, 
it would, I think, bo better to flood 
a certain area for a certain sum. 

13. Embankments will be need- 
ed at the head works and for the 
first two or three miles ; after that 
the river bank is generally above 
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the highest flood ; where it is not 
so, river embankments have already 
been provided. 

Syphon culverts will be liberally 
provided to pass the drainage 
from one side of canal to the other, 
and towards the lower end of the 
canal drains will be cut parallel 
to the canal, to be turned into 
some of the existing drainage 
khalls. 

SECTION 11. 

Situatwn of Head Works , — As one of the objects of the proposed 
canal is to establish a line of water communication between the Ilanee- 
minere Coal-fields and Cahmtta, the site for the head works is to a great 
extent restricted to the vicinity of Eaneegunge : fortunately, however, 
the river is more suitable here for the construction of a weir than almost 
in any other part. 

About seven miles above Raneegunge there is another site, which 
at first might have appeared to be more favorable, inasmuch as a trap 
dyke mins right across the river, which might to a great extent be 
utilized in the formation of a weir; it has the disadvantage, however, 
of cutting the stream at a small angle, this would not so much matter 
to the canal on this side, but the acute angle which the weir would 
make with the bank would cause a great silting in front of tlie head of 
a canal taking olf from the right bank : this, however, might be 
obviated by building the weir at right angles to the stream from the 
point where the dyke leaves the left bank, and making use of the dyke, 
to form the down stream portion of weir. The first seven miles of a 
canal taking off from this point on the left bank would run over very 
undulating and rocky country ; tbe excavation therefore would be very 
expensive, and the canal would require to be passed over the Nooniah 
Nuddee by an aqueduct. The advantages of having these seven miles 
of canal would be very slight, either for irrigation or navigation, and 
the great extra expense would completely neutralize the advantages 



( 137 ) 

derived from having a portion of the weir already cons true tejji and stone 
dose to liand for tlie construction of the remainder. 

The site ultimately selected for the weir across the river is in the 
village of Rogonatbchiiek, a little below the point where the Kaiiee- 
gunge and Bancoorah Hoad crosses : this point has been selected for 
several reasons. In the first place, the river above the site is straighter 
for two miles than it is in almost any other part of its course; the fall, 
too, is only 2 to feet per mile ; the left hank is specially favorable for 
the take-off of a canal*; it is comparatively low, and the soil is alluvial, 
and no deep or difficult cutting is therefore involved. The right bank 
is not quite so favorable, as the banks are higher and harder, and the 
first portion of the canal would have to pass through a densely populated 
village. A canal, however, on the right hank has not been consi- 
dered in this project, as a second canal f:om the Damoodah would 
not he possible until the dry weather supply of the river could be 
largely augmented by Reservoirs. Again, the head of the canal is conti- 
guous to some of the principal collieries of the most important Coal 
Companies. 

For the head works very good lateritc is obtainable at Munglcpore, 
on the Grand Trunk Road, about two or three miles from site : tliis will 
have to he brought down on a tramway; a hard gneiss is also proeurahlo 
at Medjia, a small hill on the ri-ht hank, a1)0ut a mile below the site of 
the weir : this would he difficult to work, although it would he capital 
material for the rubble portion of the weir. Still as the latcrite is 
more easily worked, and is as good as any stone to resist the action of 
water, it may possibly be cheaper to bring all the stone reepured for the 
weir from Mungleporc. 

The present Raneegunge and Baneoorali Road will ho diverted as 
shewn on Sheets Nos. 2 and 3, and raised so as to form a protective 
embankment for the head works and workshops, The road will 

then impinge on the bank opposite to where the new road on opposite 
hank impinges, so that the ferry crossing will actually he more coiiye- 
nieiit ; but the road will be continued along bank of river by a bridge 
over the fore bay of lock to head sluices, and eventually by a bridge 
over the weir, if such should ever be considered necessary. 

Sufficient land will be taken up at site of head works for the brick- 
fields, workshops, &c., &c. 


T 
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SECTION III. 

General Plan of Canal , — The canal is designed for irrigation and 
navigation. When running full, it will carry 1,500 cubic feet per 
second, or sufficient to irrigate 200,000 acres of rice crop at the rate of 

one cubic yard of water per hour per acre. 

From Appendix B. of heights on the Raneegunge gauge, it will be 
seen that from the 1st June to 15th November we may always depchd 
on obtaining sufficient water from the river for this amount. There is 
one year in which the Raneegunge gauge reports (on which this Tal>le 
is founded, compared with tlie actual discharge as measured by me this 
year) show a much less discharge by the river, but it was the first 
year in which the gauge was kept, and I am inclined to think there is 
some error in the reading. We may, I think, depend on being always 
able to irrigate the rice crop to the full amount the canal can carry. 

From the 15th November to the 15th March we may, without any 
gujildcment I'rom reservoirs, reckon on 200 cubic feet per second, or on 
being able to irrigate 61,000 acres, allowing that one cubic foot per 
second is sufficient for 320 acres of spring crops. After the 15tli 
March the canal will be turned into a still wat(‘r one for navigation ; 
the quantity coming down the river being reserved to suj^ply the waste 
by evaporation and lockage. Supposing that J inch of surface per 
diem is lost by evaporation throughout the length of the canal from 1st 
March till 1st July, the whole amount lost will be 76 inches, and the 
quantity requiied to supply the loss will be 26 cubic feet per second. 

Supposing, too, that 50 boats pass through the canal daily, the loss 
by lockage to be re-placed by the river will be 14 cubic feet per second, 
or <10 cubic feet ])er second required altogether when the canal is 
still : there arc but very few days in the year when this could not be 
obtained from the river ; when a fresh occurs in the river from rain 
falling on some, portion of the basin, a flooding could be provided : 
these freshes are by no means un frequent during April aud May, The 
canal when carrying the full supply will be 114 feet wide at the surface, 
7 feet deep, and side slopes of 2 t6 1 : it will have a fall of 6 inches 
per mile. According to Eytelwein^s formula V='0\/ 2 / x where f 
is fall per mile in feet and d the hydraulic mean depth ; the canal at 
this section will carry about 1,500 cubic feet. 
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The fall will remain 6 inches per mile up Jhc 28th mile. From 
that point the fall will be reduced to 4 inches, the section reinaining the 
same ; the discharge therefore will be 1,260 cubic feet per second. At 
the 35th mile the fall will be reduced to 3 inches, and the discharge 
from that point will be 1,092 cubic feet per second. 

At the 49th mile the section will be reduced to 90 feet surface width 
and fall of 4 inches per mile : the discharge by this section will be 900 
cubic feet per second. The reason I have determined to reduce the 
section here is to pass through the town of Burdwan, taking up as 
little land as possible, as the land in the town will probably be expen- 
sive from the number of houses, &e., that will have to be removed. 

At tlie 60th mile the fall will be again reduced to 3 inches per mile, 
and from the 71st mile the bed will be horizontal, or only have enough 
fall to carry the water forward. 

The canal runs up to the 49th mile on the ridge line, and the area 
commanded by it throughout is very much more than we should have 
water to irrigate ; wliile the section, therefore, has been kept uniform 
for conveniences of navigation, there is also the advantage of being 
able to take the water into the lower reaches, in the event of its finding 
a more ready sale theie than in the higher reaches. 

Throughout the canal arrangements will be made for stop-boards at 
each fall to keep back the water level, and 5 feet deep on the sill of 
upper lock whenever the discharge would give a less dei)th than 
5 feet. 

In cuttings, the towing-paths will be 3 feet above surface of water 
and 9 feet broad. AVhere the canal runs between embankments, the 
crest will he the towing-path; it will be 10 feet broad and 3 feet above 
water level. 

I have marked on Sheet No. 1 the general direction of the distribu- 
taries and the area each will irrigate up to the full amount the canal 
can carry : this area is not half what is actually commanded by the 
canal. 

When the canal is carrying the full supply, the velocity will be 2*2 
feet per second; with tlie full section and fall reduged to 4 inches the 
velocity will be 1*8 feet per second, and when the fall is 3 inches the 
velocity will be 1*5 feet per second. 
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Tn tlie reduced Rceiioi?^ when the fall is 4 inches, the velocity will be 
1-7, and wl/en 3 inches, 706 cubic feet per second. 

SECTION IV. 

jPlan> of Head Works , — The general arrangement of the head works is 
exhibited in Sheet No. 3, with a section of the river in the line of the 
weir. 

The weir will be 3,000 feet long and 10 feet above the dry weathqr 
level of the river. From several sections of the river the maximum 
calculated discharge is 3 to 400,000 cubic feet per second : this is less 
than what has generally supposed to have been the maximum discharge 
of the Dainoodah ; but from a longitudinal section and several cross 
sections taken in the straight roach of the river two miles ab )vc the weir, 
tlic discjharge calculated according to Eytclwein^s formula is a little 
over 300, 000 cubic feet per second. Assuming the discharge to be 
400,000 cubic feet ()cr second, the afflux in high flood will be 1’5 feet. 

The weir will be at right angles to the river ; it will be 3,000 feet 
long and 10 feet higli. The dry weather stream is SLO’Gt above mean 
sea level, and crest of weir will be 250’G4. The highest known flood 
observed on a gauge some little distance higher up is 3G0 G4. 

The weir will he provided on each side with six undc r-sluiccs of 
no feet span each : the flooring of these will be at 240*01: the vents 
between piers of iindcr-sluiccs will be closed by gates on the Frendi 
]);itti*rn, to be described hereafter. The main portion of the weir con- 
sists of three lines of wells, G feet diameter, sunk across the stream to a 
depth of G feet. On these will be built a wall up to crest of weir on 
inner line; the walls on outer lines will be up to height of exterior 
slope of weir, which is 12 to 1. Between the outer walls boulders will 
be thrown in, the upper layer being packed, and the first 22 feet from 
crest of weir will he laid horizontal, and will consist of cut latcritc set 
in lime cement. On the up-stream side of the weir boulders will also 
l>e thrown in to a width of 20 feet ; the stones at surface being packed 
to a si 01)0 of 2 to 1. 

The whole of the wells will be of one ring of 9-ineh bricks, the inte- 
rior being filled in with concrete composed of small laterite and ghoot- 
ing lime. The foundations of under-sluices will consist of four walls 
built on G feet vvells ; between the outer walls the sand will be excavated 
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and stones laid (o a depth of 4 feet. Between tfcetinner and third wall 
sand will be excavated in a similar way^ and stones placed in •the lower 
2 feet 9 inches : the upper 1*25 will consist of cut lateritc set in lime 
cement. The foundations of piers will be on G feet wells ; they will be 
10 feet high^ and will also be of cut laterite set in lime cement. 

Between the under-sluices and main portion of weir will be flank 

walls to keep the stones of weir from moving. 

» 

* On both banks there will be curved wing walls built into the river 
bank. 

The head sluices for the supply of the canal will be 15 in number, 
and consist of 5 feet vents each : these will discharge, with a head of 4 
inches, 1,500 cubic feet per second. The embankment round the head 
works and the roadway over entrance lock and head sluices will l)e 
2()3*64 above mean sea level, or 3 feet above highest known flood. The 
‘floor of head sluices will be at 243*64. 

The gates of under-sluices in the weir will consist of two rows of 
gates in pieces of 10 feet long, working on a centre pivot and lying flat 
and outwards from each other during passage of flood : the up-stream 
gate will be only 6 feet high, 4 nd will be kept down by a button. At 
the time of closing the gates the button will be released, and tlie gates 
will be moved in to a vertical position by the water and be held there 
by two chains. The water being thus held back, men would go in and 
lift up the outer gates : these would be 10 feet high and are held up by 
iron bars, which slide in a groove, the bars being shifted laterally into 
a notch when vertical : these larger gates arc shod at the edges wdth 
iron to make them water-tight. As soon as the large gates are in 
position, the smaller gates may be let down and fastened. The 
larger gates are let down by a rod moving horizontally, to which a 
projecting tooth is attached, which moves the rods out of the notch, and 
they then fall. The Drawing, No. 2, explains the working of the 
gates. 

The entrance lock is 1,000 feet above the weir : both sills of the 
lock will ben.t the same level, viz,^ 243*64, that of the bed of the 
canal ; there will be a bridge over the fore bay of the lock. 

The lock will be filled and emptied by valves in the bottom of the 
gates the whole width of the gates and 1*25 feet deep ; these are on a 
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paticm which has I believe, successfully used on the Kendraparah 
Canal in ®rissa. 

The weir, head sluices and entrance lock will be entirely con- 
structed of latcrite. 


SECTION V. 

Alignment of Canal . — Prom the head works the line of eanal ^for 
the first seven miles of its course runs close to the river. 

The ground rises rapidly from the river to the Railway, which is about 
one or two miles distant and parallel to the river. Two small drainage klialls 
are mot with at 1 i and 3^ miles; the former runs from a large swamp 
just south of the Railway, and a great portion of the water it drains is 
what enters the swamp from the river when the latter is in Hood. The 
other drains about two or three square miles, and I propose to pass both of 
them under the canal by means of a syphon culvert, as shewn in Draw- 
ing No. 5 : these four spans of 6 >c 5, with a head of 6 inches, will pass 
420 cubic feet of water per second. At TJ- mile the Singarun River is 
met with. As the land here is very sandy near the river, I pro])ose to 
cross the Singarun as close to ihe Railway Bridge as possible, cutting a 
new channel for the river as shewn by the red dotted lines. 

I ])ropose taking the canal over this channel in an aqueduct of nine 
arches of 50 feet span each. From the longitudinal and cross sections 
I have had taken, I make the maximum discharge of the Singarun to 
be 28,846 cubic feet per second. The^nine 50 feet arches will give an 
area of waterway of 4,134, which will be ample for the greatest possible 
discharge of the stream. I think myself the discharge of the Singarun 
is over-estimated, and that the high flood lines marked on the Railway 
and Grand Trunk Road Bridges are due to the back-water of the Da- 
moodah rather than to the flood of Singarun ; however, us in the event of 
diminishing the waterway we should have to provide gates to keep out 
the Damoodah flood back-water, 1 have preferred to follow the examples 
of Railway and Grand Trunk Road, and allowed sufficient waterway for 
the ingress of the back-water. 

The Railway Bridge over the Singarun consists of 14 >c 12 feet arches 
and three 80 feet girders, giving an area of waterway of 4,080 feet, sup- 
loosing flood level as estimated by. the Railway Authorities is correct. 
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The Grand Trunk Road Bridg*e is on the suspension piitj^ciple, with 
centre span of 150 feet and two side spans of 66’5 each : this gives the 
waterway 3^996. 

The canal is carried between embankments for a mile before reach- 
ing the Singarun. The Singariin Aqueduct will be built of rubble stone 
brought from the Tumlah Hill, and the arches will be of brick; the 
deisign is shewn in Drawing No. 6. 

From the Singarun the canal will run nearly parallel to and about 
f to i mile distant from the river, until it arrives at the Tumlah, which 
is met at 13 miles 5 furlongs. From the Singarun to the Tumlah no 
obstacles are met with, but the country is much broken, and some heavy 
cuttings are necessary. At the Tumlah a low spur of the high land 
south of Adjai runs dowm to the river, and the Tumlah runs round it to 
•the south, before entering the Damoodah : fortunately there is suffi- 
cient room between this hill and the river to carry the canal ; had it 
been necessary to cross the hill, we should have had a mile of very deep 
rock-cuttinu'. From this hill vre shall be able to obtain very good stone 
for the sills, quoins and co])ings of the locks. 

The Tumlah is a small stream, whose discharge, from calculations, I 
make to be 12 to 14,000 cubic feet per second. 

The Railway Bridge over the Tumlah consists of 17*20 feet arches, 
and from the flood line marked on the section the waterway in greatest 
flood is 2,100. 

The Grand Trunk Koad Bridge* is on the suspension principle, the 
centre span is 85, and the two side spans 24 feet each : the area of 
waterway according to flood line marked is 1,537 square feet. I propose 
taking the canal across in an aqueduct, consisting of nineteen 20 feet 
arches, and through this the small stream which runs to the cast of 
Tumlah Hill will also pass. The area of waterway allowed is 2,186, which 
will, I think, be ample for the greatest floods. We shall also he 
independent of any arrangement in the way of shutters to keep the 
Damoodah hack-water out. 

The design of Tumlah Aqueduct is exhibited in Drawing No. 8. 
The arches will be of brick ; all the rest rubble stone, wffiich is obtainable 
at site. 
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From^the Tumlah^tlie canal will turn northwards again towards the 
tlie Railway, so that the deep valley between 18th and 19th mile, 
which runs from the Railway down to the river, may be crossed in its 
highest point, and also we may be able to reach the ridge line beyond the 
valley. The embankments in this valley will be heavy, averaging about 
23 feet in height ; but if we keep lower down and look before we come 
to the valley, we shall still have heavy embankments, and the counfiy 
beyond is very broken and undulating, and it would be some miles before 
we should again come out on the ridge line ; I think therefore that the 
line selected is the best, as, after crossing the valley, we run on the 
ridge line and on comparatively level ground ; there is very little drain- 
age water passing through the valley I have just mentioned, and a 
s} phon culveri of four vents, such as I have provided at 3 miles 3 furlongs, 
and as shewn in Drawing No. 5 will be ample ; the canal having crossed 
the valley will run parallel to Grand Trunk Road and Railway. At 
2i miles 4 furlongs the canal crosses the Panceghur and Sonamooky 
Road : this will be taken over tlie canal by a bridge, as shewn in Draw- 
ing No. 9. It may be advisable for economy's sake to alter the posi- 
tion of Lock No. 5 and place it so that the road bridge and lock may 
both be at the same site. 

From Panceghur and Sonamooky Road the canal will run on the 
ridge line and parallel to the Grand Trunk Road, which is here south 
of the Railway, having been crossed by it just beyond Panceghur Station, 
and no difficulties or obstacles are encountered till between the 3Sth and 
30th miles. Here there is a very large village called Gologram, which 
extends up to the Grand Trunk Road. If we go to the south of the 
village wc fall upon the Kandur Khali, which rises a little west of Gole- 
gram ; the canal therefore will be taken through the village : for similar 
reasons it will be taken through the village of Gulsee, another large vil- 
lage, which occurs just beyond the 41st mile. The ground has a general 
fall of about 4 feet per mile : from the 24th mile eastwards many locks 
are therefore required. At 35 miles the lock will be in two flights, 
as shewn in Drawing No, 11. At the 49th mile the surface width of 
canal will be altered to 90 feet, and the canal will take d south- 
easterly course towards the south part of the town of Burdwan. At 52 
miles 4 furlongs the Banka Nullah occrurs : this is a small stream, which 
rises about 18 miles w^est of Burdwan. By calculations I make the 
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maximum discharge to be 4929*8 cubic feet per* sScond, and for this I 
have allowed a waterway of 1,016, which, I think, will be ample. The 
Grand Trunk Road Bridge over this nullah consists of 2-— 23 feet, 2 — 24 
feet, and 1 — 32 feet arches ; with the flood line shewn the area of water- 
way is 1,652. The Railway Bridge consists of 4 — 80 feet spans, and ac- 
cording to water line shewn on plan the area of waterway is 2,942 feet. 
Both the Railway and Grand Trunk Road Bridges were built before 
the country on the left side of Damoodali was safe from the Damoodah 
floods; at a time when breaches in the embankment were of yearly oc- 
currence, and a certain portion of the Damoodah water passed down the 
Banka Nullah ; the bridges therefore must have been designed more to 
be able to carry oflF this supplement from the Damoodah than for the 
waters of the Banka alone : this, too, is evident from the viaduct, about 
I mile long on the Railway just east of Burdwan. Since, however, the em- 
.bankments on the right bank of Damoodah have been removed, and those 
on the left bank have been made and maintained in their present fine 
order no water whatever passes from the Damoodah through the Banka, 
and all it has to discharge is the rainfall on its own basin : this, before 
crossed by the canal, is not more than 70 miles or 80 square miles. Under 
these considerations, therefore, I think the waterway I have allowed will 
be ample. The aqueduct will be built of brick according to design shewn 
in Drawing No. 10. After the Banka the canal will run through the 
southern portion of the town of Burdwan, the suburbs as it were : a 
considerable number of houses will have to be moved, and some five or 
six metalled roads will be crossed : these can be arranged so that three 
bridges over the canal will be sufficient for the traflBc. 

Had the line been continued to the north of the town of Burdwan, 
it would have necessitated the destruction of more valuable house property 
and the crossing of the Grand Trunk Road and two or three others. I 
have arranged for the road crossings through Burdwan three similar 
bridges to the one shewn in Drawing No. 9. 

Passing through the town of Burdwan the canal runs about J mile 
from the Damoodah Embankment. At 62 miles 1 furlong the head of 
the Gungoor Nuddee is crossed : this rises close to the canal, so that 
a small syphon culvert will be ample for the drainage. There is nothing 
worthy of notice in the line up to the 69th mile, where the canal crosses 

TI 
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the Mymareeend JAiJlpoM metaUed road: this will bo taken over 
the canal by a bridge similar to that in Drawing No. 9. 

From 7l8t mile the canal will be still, the bed only having snffi- 
dent 8\oipe to carry the water forward. 

M) taile there will he another road bridge, similar to the 
others, to take the metalled road to Boinchee over the canal, and another 
also at S2 miles 4 furlongs for the Mugrah Road ; another at <84 
miles 4 furlongs, and another at 89 miles 5 furlongs for the Hooghly 
Road. 

From 71st id 88th mile no extraordinary works will be required. 

At 85 miles the lock will be in two flights. Between the 88th 
and 92nd miles some embankments that now exist will have to be cut 
through : these embankments are high and seem from their position to 
have been made for the protection of individual villages at a time when 
^he Hooghly District was annually flooded to a certain extent by the 
Damoodah. At the 92nd mile the Kadarmutty is met with : this is a 
branch of the Koontee, and discharges but a very small quantity of 
water. I propose to go through it, and divert it by a channel running 
north of, and parallel to canal, to join the Koontee, using the earth from 
the new channel for the canal embankments. 

The Koontee is met with at 93 miles 6 furlongs : it is wliat is some 
times called the Kana Damoodah; it was formerly cmnectid with the 
Damoodah at Jamalpore, and a portion of the Damoodah waters passed 
by it into the Hooghly at Noaserai : it intersected the road from My- 
maree to Jamalpore, and an expensive bridge had been sanctioned for 
construction over it. I found in 1863, by comparing its discharge with 
that of the Damoodah, when the latter was in flood, that it had silted 
up so much as to be useless as an aid for the drainage of the surplus 
waters of the Damoodah. To avoid, therefore, the expense of the 
bridge about to be constructed over it, I recommended its being closed 
by a dam, which was sanctioned and constructed in the same year. I 
may add that I first wrote to all the Zemindars regarding the closing 
of the channel, and they were all in favor of it. Since 1863, therefore, 
no water has passed by the Koontee from Damoodah ; I think there- 
fore that a syphon culvert, as shewn in Drawing No. 5, will be ample 
to pass the drainage. 
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At 94 j miles 4 furlongs the canal will meet the Sursutl^e : this is a 
small drainage channel, which appears to run parallel to the Hooghly, 
joining both at Tribanee GhAt near Mugrah and at Sankrail below 
Calcutta ; it is embanked across in many places, I presume, for irriga- 
tion ; it drains therefore little or no water, and Mr. Whitfield, c. e., 
who was out surveying here during the severe rains from the com- 
mencement to middle of June, says that there was never more than 2 
or 3 feet of water in it at that time ; I therefore propose to pass its 
waters by a syphon culvert similar to that provided for the Koontee 
and as shewn in Drawing No. 5. 

Although it is, perhaps, out of place to bring it forward here, I 
cannot help thinking that if the Sursuttee and Koontee Nnddee were 
looked at as drainage channels, and if the embankments about the 
District were removed or cut across here and there, that fewer com- 
plaints would be heard regarding the epidemic that has prevailed for 
some years in the Hooghly District. The embankments were made 
when there used to be large quantities of water going over the country. 
The necessity for them now does not exist. Dams, too, appear to be 
made in these nullahs without any regard to arrangements for drainage ; 
however, any propositions or projects would be useless, unless legislation 
could enforce their being carried out. I may also mention here that a 
map of the Hooghly District is very much wanted ; the only one 
obtainable is the 4-mile to inch map, as the Revenue Survey Maps have 
been condemned, and the Survey Department refuse to issue them : a 
map on the scale of one mile == 1 inch would have been of great value 
in the survey of this canal, if it only shewed the villages, streams, &o. ; 
and the Revenue Survey Maps must have been bad indeed, if they did 
not arrive at this standard of excellence. 

From the Sursuttee Nullah the canal will run through and skirt 
some large villages, especially Bigatty, which occurs at 97th mile, and, 
going through the thinnest part of the Biddabatty, will enter the khall 
of that name about 1,500 feet above its junction with the Hooghly; 
the lower sill of the lock being 3 feet 6 inches below low water level 
neap tides, so that boats will be able to pass in and out of the canal at 
all times. At 99 miles 7 furlongs the Grand Tunk Road is crossed at 
the point where it is intersected by a local metalled road ; these will be 
joined before reaching the canal and taken over by one bridge similiar 
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to DrawingmNo. 9 : the arrangement is fully illustrated in the general 
plan of terminal works. The whole length of the canal is 100 miles 
furlongs. 

I have arranged for 60 small syphon culverts, as shewn in Drawing 
15o. 12, to he distributed along the line : these, with channels cut 
parallel to canal to join the natural khalls where convenient, will he 
sufficient, I think, to pass the drainage from one side of the can^l 
to the other. 


SECTION VI. 

Terminal Works . — ^The Biddabatty Khali from the point where 
canal enters it to the junction with Hooghly will be cut with the same 
width at bottom as canal and slopes of 2 to 1. 

The bridge by which the Railway crosses the khall will have to be 
altered; it consists at present of 6 spans of 12 feet each. I propose 
therefore knocking down the 1st, 3rd and 5th piers, and building up the 
2nd and 4th, and substituting 36 feet girders in lieu of the arches. 
The rail level will remain the same, as, from bed of girder to high 
water level spring tide, there is 5 feet of headway. 

The road bridge will not be altered : it is 20 feet wide in the 
clear, and from level of girder bed to high water spring tides is 8 feet. 
All the distributaries will .terminate in the natural drainage channels 
of the country. 

SECTION VII. 

Bates and cost of works . — In the abstract of the estimate is exhi- 
bited the cost of each item of the works and the total cost, which is 
Rupees 45,24,816. 

The cost of land is entered at Rupees 4,01,600. I have arrived at 
this in the following way : — For the first 49 miles of the canal I esti- 
mate that we should require on an average a strip 300 feet in width, 
which is 110 beegahs, or 36| acres per mile. Allowing .40 acres, (the 
extra quantity being required for head works, sites of bungalows, &c., &c.), 
and assuming the rate per acre as Rupees 120, the cost of land for first 
49 miles = Rupees 2,35,200. For the remainder of canal I estimate 
that we should require a width of 200 feet ; this gives 73*3 beegahs, or 
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24*4 acres. Allowing, therefore, 27 acres per^ mile, and the price as 
before, Rupees 120 per acre, the cost of the last 52 miles will be Rupees 
1,66,400, making whole cost of land Rupees 4,01,600. Much of this 
land may be re-sold or let for gardens and plantations as soon as the 
works are completed, or even if retained by Government and planted 
with trees the produce will give a very fair interest on the whole outlaj'. 
With regard to the dirtributaries, I have simply estimated them at 
Rupees 2 per acre commanded. 

The rates for earth-work, brick-work, &c., have been fixed as 
follows ; — I have obtained the rates now prevailing on the Railway, the 
Chord Line, East India Irrigation Company's Canal at Midnapore and 
the Public Works Divisions of Grand Trunk Road and Damoodali, and 
from these I have made out a list giving a very liberal margin to cover 
any rise in prices or any unforeseen difficulties in the work. The cost 
of locks and falls have been calculated at so much per foot of lift, and 
the rate of the foot of lift has been obtained from Estimates Nos. 6 and 
10. In the former the cost of the fall and Lock-keeper^s house, &c., is 
estimated, and the latter the lock. For altering the Railway Bridge 
at Biddabatty, I have entered the probable cost in a lump sum at 
Rupees 1,00,000. 

I have made no allowance for accommodation for subordinates, as a 
two-roomed buildin<r has been estimated for at each of the locks. 


SECTION VIII. 


Income, expenHiiure, and j^rofits . — ^As I have before stated, the canal 
will be capable of irrigating thoroughly 200,000 acres of rice crop and 
64,000 acres of rubbee crops without any supplement from Reser- 
voirs. 

It is not always that the rice crop requires irrigation, although, no 
doubt, it would be very much improved by a more liberal supply of 
water ; but generally in each year there is a slight drought, during 
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which the crop suffers to a certain extent, and at this time the culti- 
vators Vould, I think, gladly purchase water ; but, as a rule, I do not 
think that the ryots would enter into any arrangement for the irriga- 
tion of the rice crop at the beginning of the season, but would prefer to 
run the chance of the rain being suflScient, until they actually found 
their crop suffering for want of water, when they would very gladly 
purchase it. However the Zemindars, if the arrangement for sale of 
water is made through them, might pu» chase it for the irrigation of 
the rice crop throughout the year, and the ryots themselves may dis- 
cover the difference in the weight of produce from a regularly irrigated 
crop to one only irregularly watered by rain. Until, however, this 
happens, I think we should not reckon on obtaining more than 8 annas 
per acre from the rice crop, or altogether Rupees 1,00,000. 

From the spring crop, 64,000 acres, we might fairly reckon on 
being able to obtain Rupees 3 per acre. I think myself this price is 
very low, and that for the sugar-cane crop on the upper part of the 
canal, and for the vegetables in the lower part for the supply of the 
Calcutta market, as well as for the sugar-cane and betel gardens, we 
should easily obtain twice or three times this price. I reckon that the 
cost of the labor alone, judging from present rates, as irrigation is now 
carried on, is not less than 5 or 6 Rupees per acre, and to this have to 
be added the making of tanks, wells, channels and implements for 
raising the water. The rubbee crop at Rupees 3 per acre would amount 
to Rupees 1,92,000, and the total income derived from irrigation would 
be Rupees 2,92,000. Deducting one-sixth for cost of collection, the 
profit from irrigation alone would be about Rupees 2,50,000. 

Income derived from navigation . — The coal annually lifted by the 
principal mines, viz. those belonging to the Bengal and Beerbhoom 
Companies, and to Baboo Gobind Persad Pundit, are 170,000, 59,000 
and 67,000 tons respectively. Of this amount about 46,000 tons are con- 
veyed by river, but a very large quantity more would go were the route 
shorter and less dangerous. 

The present cost of carriage for a ton of coal by Railway to Bidda- 
batty is Rupees 4-8, the cost by River Moisraka is on an average 
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Rupees 3-8 per ton, and this does not include %ny allowance for loss 
by wrecks, which is admitted to be about 10 to 15 per centl 


Supposm<x that a toll of 2 pies per ton per mile is charged on the 
canal, and that the cost of carriage is 4 pies per ton per mile, (and 
this is much more than it is likely to be,) the cost of a ton of coal to 
ipiddabatty would be Rupees 3-2-0 : this is a saving of Rupees 1-6-0 
on cost by rail, and 6 annas by river. In addition to this, in the 
former case the disadvantage and expense of breaking freight at Bidda- 
batty is saved by the canal, as the boats would at once go into the 
Hooghly, either to the purchaser or to the store. In the case of the 
river, the charge has only been reckoned to Moisraka, which is 24 
miles from Calcutta, going through the East India Irrigation Com- 
pany's Canal, and 50 by river ; the expense therefore would be mate- 
rially increased by either route before the coal arrived as much below 
Calcutta as Biddabatty is above it. 


I think we may easily reckon on carrying 100, 000 tons; when 
the Chord Line is open, and the Raneegunge Line, instead of being 
as it is now almost exclusively a coal line, becomes the quick traffic 
line, the Railway Company will, I should imagine, be very glad to be 
relieved of the carriage of a large portion of the coal traffic, and a 
much larger quantity will pass down the canal. However, estimating 
that 100,000 tons are conveyed, and charging toll at the rate of 2 pies 
per ton per mile, or Rupees 1-4-0 per ton passing through, the income 
derived from coal alone will be Rupees 1,25,000. 


The other minerals that will find their way from Raneegunge to 
Calcutta are stone for building purposes, both from Burrakur and 
Suj'iniah, metal not only for the roads of Calcutta, but for almost all 
the roads of the Burdwan and Hooghly Districts. Then, again, there 
is the timber from the jungles of Pooroolia and Hazareebaugh, to say 
nothing of the small sdl which I saw this year going down from Panee- 
ghur in some quantities to Calcutta by rail. Allowing, therefore. 
Rupees 2,00,000 as the income derived from navigation, and this I 
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feel sure is under the ftiafrk, and Rupees 2,50,000 as that derived from 
irrigation, the net annual profits of the canal will be Rupees 4,50,000. 

The cost of constructing the canal being Rupees 45,11,923, the 
annual income derivable from the canal will be 10 per cent : this per- 
centage would be sufficient to recommend the work to private enter- 
prise, more especially as, whilst I* have allowed very liberal rates for 
the construction of the work, I have rather under-estimated the profits ; 
but the fact of being able to ensure the safety, under any circum- 
stances, of 200,000 acres of the staple crop of the country when the 
calamitit'S of Orissa, the result of drought, are fresh in the recollections 
of every one, and of also being able to put under cultivation 64,000 
acres of land, which now He uncultivated half the year f >r want of 
water, are I think far more sufficient reasons for the work being under- 
taken by Government than the mere percentage which the profits bear 
to the capital, especially too, as I have before endeavoured to show, 
when the inhabitants of the country are willing agriculturists, and 
even uuw spare no trouble in bringing under cultivation in the dry 
season any small area of iaud to winch water, however small in quan- 
tity, can be brought. 


SECTION IX. 


Mode of carrying out the works , — The whole work will probably 
be completed in three full working seasons. 


The way I \vould recommend the work to be carried out is this ; — 
In the first year set out the line, take up the land and fix the sites 
of locks, &c., and confine construction to the head works and first 24 
miles of canal, and to brick-making and collection of materi|ils at 
sites of different works along remainder of line. In the second year 
I would continue the construction of first 24 miles, and the masonry 
works throughout, and heavy earth-work of remainder ; and in the 
third year work over the whole line tp completion. 
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From the ^ Government of Bengal, to the Government of India,— 

(29th December 1868.) 

In your letter No. 34/. dated 16th March 1807, instructions 
were conveyed to the effect that designs and estimates for head works 
and canals on both sides of the Damoodah, including one for navigation 
to connect lianeegunge with the Hooglily, should be put in hand as 
speedily as possible, the necessary surveys and sections being at once 
proceeded with/^ 

2. As soon as the services of a properly qualified Officer could be 
found, the above instructions were complied with, and Captain Garnault, 
R. E., was appointed to the special duty of designing a canal from the 
Damoodah to the Hooghly. 

3. That Officer has now submitted, through the Superintending 

Engineer, South-Western Circle, a com- 
t 37 of plete set of plans* and estimates,t which 

I am directed by the Ilon^ble the Lieute- 
nant-Governor to forward for the favorable consideration and sanction 
of llis Excellency the Governor General in Council. 

4. Previous to the commencoment of the investigations, the views 
of the Government of India and of the Secretary of State were com- 
municated to the gentlemen who, in the year 1866, submitted a proposal 
I'or a similar project, and oflered to carry it into execution under certain 
conditions. As no further action was taken in the matter by those 
gentlemen during the six months following that communication, and as 
the project was one necessarily combining irrigation with navigation, 
the Lieutenant-Governor determined to allow no further delay to occur, 
and directed the surveys to be proceeded with at once. 

5. As the accompanying Note by the Chief Engineer for Irrigation 
fully reviews the professional details of the project, it is not necessary 
to give more than a brief general summary of it here. 

6. The projected works consist of a weir 10 feet high across the 
Damoodah opposite to Raneegunge, and a canal taken off from its left 
flank, which, after passing through the Town of Burdwan, terminates at 
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present in the Biddabatty Khalb which . Snfbrs the Ilooghly at 
Scrampore. * 

7. Tlie canal, whose length is somewhat over 100 miles, is design- 
ed to serve the double purpose of irrigation and navigation, the locks 
being so arranged as, in the event of the necessity arising, to reduce 
the canal to still water, with a depth of 5 feet over the lock sills. 

8. It is proposed to have a discharging capacity of 1,500 cubic 
feet per second, sufficient for the full irrigation of 200,000 acres of 
monsoon rice, or from the 1st of June to the 15th of November, during 
which time that quantity of water is available in the Damoodah. After 
that date, however, the volume of the river continues to diminish until 
the 15th March, but never falling to less than 200 feet per second 
during that interval, so that, if 1 cubic foot per second is sufficient for 
320 acres of rubbee cultivation, an area of 64,000 acres may be provid- 
ed with irrigation during the cold weather without any aid being neces- 
sary from Reservoirs. 

9. For the purposes of navigation, and to meet the waste of 
lockage and evaporation, a supply of 40 cubic feet second is enough, 
and this may always be ensured. 

10. To secure the above capacity with, at the same time, a moderate 
current, it is necessary to give the canal a width of 114 feet at the 
surface for 40 miles of its course ; for the remainder, the width is re- 
duced to 90 feet. 

11. As the traffic on this canal cannot but evenUially be very 
considerable, and as one item will, no doubt, consist of rafts of timber 
and bamboos, it is desirable that the waterway should be large, and 
though at the outset it may be advisable to limit the width to 75 feet 
at the surface, both in order to reduce the cost and to secure a 
more rapid completion, yet there can be little doubt but that the full 
width, as designed, will prove eventually necessary, and therefore no 
reduction has been made in the estimate. 

12. That estimate, as prepared by the Exective Engineer, is, in the 
Chief Engineer's opinion, unnecessarily high ; but as prices of materials 
and labor appear to be steadily rising, it is, perhaps, more prudent to 
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terrain from making afiy*rcduction. Certain items, however, have appa- 
rently been* omitted in the Executive Engineer's estimate, and these it 
is necessary should be inserted. With these additions, the estimate, 
exclusive of any item for special superintendence, amounts to Rupees 
50,21,81(5, according to the accompanying revised abstract, and for 
this sum the Lieutenant-Governor directs me to solicit sanction, 

13. As regards the financial character of the project, and the pros^ 
pect of its being ultimately remunerative, the Lieutenant-Governor has 
little doubt. The existing elements of trade arc, as shown in the 
Chief Engineer’s Note,, already sufficient to yield a moderate income, 
while his analysis of the rain tables shows the necessity that exists for 
providing artificially against the uncertainty of the rainfall, especially 
in the mouth of October, as a failure during that, the lust, month of 
the cultivating season imperils the out-turn of the whole crop in 
Lower Bengal. 

14. The Lieutenant-Governor is disposed to concur in the Chief 
Engineer’s view that, if the Executive Engineer’s estimates arc high, his 
calculation of the returns is low, and that those anticipated by the 
Chief Engineer are not more than may reasonably be expected. 

15. The Lieutenant-Governor further concurs in tlic view that 
it would be impolitic not to make the fullest use that tlic canal will 
admit of for the irrigation of the cold weather crops, and would, there- 
fore, strongly urge the construction of the Reservoirs in connection with 
this project as calculated to elfcet the two-fold purpose of saving that 
part of the country which is now periodically injured by the Damooduh 
floods, and securing a portion of that tract which is liable to suffer from 
the uncertainty, and oftentimes too early cessation, of the rains. 

16. The Government of India, in letter No. dated the 4tli 

November 1867, enjoined the collection of certain data in connection 
with all new projects for irrigation. These have been compiled as far 
as possible, and are for the most part satisfactorily explained in the 
Executive Engineer’s report. The only points which seem to call for 
any particular notice by the Lieutenant-Governor are the questions 
marked Nos. 9, 11 and 12. 

17. W ith respect to the first enquiry as to ^Mhc probable fair 
money v^luc of water to the chief crops likely to require it,” it is 



( 169 ) 

evident tlie question has been misunderstood by>tl^ local Officers, for the 
reply which is given can refer only to the rate^ which, in their opinion, 
may be charged, and cannot certainly be meant to represent the value ol 
the water itself. That value is of course measured by the actual in- 
creased weight of crop raised by means of irrigation over that yielded 
without its aid, added to the increased average out-turn obtained in a 
series of years by removing the element of uncertainty, which now, 
pibre or less, affects all agricultural operations carried on in sole depend- 
ence on the rains. 

18. The Collector of Burdwan reckons that increase at two-thirds, 
and, though the Collector of Ilooghly has omitted to add the weight 
of irrigated crops, his statement of the produce of unirrigated lands 
corroborates that of the Collector of Burdwan, 

19. The Lieutenant-Governor is disposed to think that the 
difference in favor of irrigated crops given by the latter Officer is 
certainly not exaggerated, so that if the value of an acre of produce be 
llupees 20, that of the water, which increases that produce by two-thirds, 
would be represented by 13^ Rupees, on which Rupees 1-8, the water- 
rate i)roposed in the Chief Engineer's Note, will be less than 12 per 
cent, and therefore a moderate demand. 

20. As regards the point in the eleventh query, Captain Garnault 
remarks as follows : — 

All the principal Zemindars say tliey would second the aims of 
Government in inducing the cultivators to take the water. 

For my own part, 1 do not think much inducement is required, 
as the cultivators throughout the District are alive to the advantages 
of irrigation, and would, I think, at once avail themselves of ifc^ 
provided the cost is not excessive and the distribution given when 
required, and without any trouble to the pcojile taking it.^^ 

21. It seems to the Lieutenant-Governor scarcely necessary for 
the subject treated in question No. 12 to be discussed in this letter, as 
it is one of general, rather than of local, application in this Province, 
where, with few exceptions, the permanent settlement has been carried 
out ; and that, if any special arrangements in this system of charging 
for water arc found to be necessary, there will be ample time for their 
consideration while the construction of tho works is being carried on. 



( 160 ) 

22. In conclusioj^, I am directed to add that there are at present 
a sufficient number of Executive OflScers ready to make a commence- 
ment of the works as soon as they receive the sanction of the Governor 
General in Council ,* but that it will be necessary to increase the Staff 
in the Assistant and Subordinate Grades. A Statement, however, of 
the Establishment requisite for this, and the other projects in Beng^al, is 
under preparation, and will shortly be submitted. 


Note ly Lieutenakt-Colonel P. H. Rendall, a. e., Chief Eh ghieer, Bengal ^ 
Irrigation Branch, on the Project of a Canal for Irrigation and Navi- 
gation from the Bamoodah to the llooghly, — (2,0th December 18G8.y/ 

The necessity for a canal from the Damoodah to the Hoogbly has 
for some years been acknowledged. 

2. Though the Damoodah is used during the rainy season to 
transport coal from the various collieries at Raneegunge, yet, owing to 
the spasmodic character of its freshets, and the strength of the current, 
it is, at its best, unfavorable for navigation. It is true that the current 
is in the direction of the traJe, and, therefore, so far an advantage ; 
but it presents so great an obstacle to boats on the upward passage as to 
render the voyage tedious and proportionately expensive, and so the 
chief benefit of water communication, its cheapness, is lost. The con- 
struction of the East Indian Railway, it was thought, would supply a 
remedy for the defective navigation of the Damoodah ; but though it 
carries a large portion of the greatly increased coal trade, yet the river 
with all its faults and risks is still used as long as possible ; for, not- 
withstanding its defects, the cost of transport is somewhat lower than 
that which the Railway Company can afford to charge, while it possesses 
the great advantage of enabling the coal to be carried to the exact spot 
or vessel for which it is required, without incurring the expense and 
entailed by breaking bulk. 

3. The consumption of coal has, moreover, increased so much of 
late years that it is found the Railway cannot, with the demand made 
upon it for the general traffic of the country, comply with the reqthre- 
xnents of the Collieries. It is evident, therefore, that an effective canal 
available at all times of the year, and capable of being cheaply worked. 
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is best calculated to meet the requirements of » trade now annually 
increasinpr^ and which cannot fail eventually to attain to Ijirge dimen- 
sions. Coal, however, is not the only article for which such a Canal is 
needed. The Cfreat extension of buildings in Calcutta and its Suburbs, 
and the deniand of stone for paving and other purposes, have so raised 
the prices of materials as to make the use of stone nearly prohibitory, 
A line of communication therefore with that part of the country from 
whence stone, lime, and fuel can be cheaply transported has become 
an absolute necessity. 

4. Tlie Pr<*ject did not assume a tangible shape until the year 
1866, when a proposal was put forward by Messrs. Schiller, Peterson, 
and Goodenough, that the Government should grant them the sole 
right of constructing a Canal from the neighbourhood of Raneegiingc^ 
to the riooglily, with a request that the late Lieutenant-Colonel Short, 
K. E,, who had interested himself in the Project, might be allowed to 
assist them in the preparation of the plans. 

5. The Canal was not intended to bo confined to navigation 
purposes, but was to carry water for irrigation likewise. The cost was 
estimated at a orore of Kupees, and the Promoters undertook tf> 
guarantee its cuinpletiou wilhiii six years. 

G. Their proposal, however, thougli siip])()rtecl with the reeoin- 
mendatiou of the Government, was not acceded to, as regarded the 
irrigation p;irl of the scheme by the Government of India, who, never- 
theless, expressed its willingness to consider favorably any Project 
designed for navigation pur])osos only. There were, however, certain 
difliculties in the way, and, amongst other, a previous f)roposal on the 
the part of the East India Irrigation Company to construct a Canal 
from the Damoodah in connection with their Orissa Project. 

7. The proposal of Messrs. Schiller and Company was referred to 
the Secretary of State, who approved, in the main, of the reply given 
by the Government of India thereto, and those gentlemen were 
inforim^d accordingly. Mcanwldlc the views of the Horne Government, 
regarding the construction of Irrigation works for the country generally, 
had become more settled, and, as no 1‘urther steps were taken by the 
abovt mentioned Promoters of the scheme, the Government of India, in 


X 
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anticipation of the erganization of an Irrigation Department, called 
upon this Government to submit a list of such Projects as it considered 
deserving of investigation. 


« Vide No. 347. of 10th March 1867. 


8. Amongst, the schemes enumerated in the reply from this 
Government was that of the Canal from 
Raneegunge, and orders* were accordingly 
received to put in hand, simultaneously with the investigations which 
were being made by Lieutenant Heywood for Reservoirs in connection 
with the regulation of the Damoodah floods, the surveys and sections 
necessary for preparing designs and estimates for head works and 
canals from both banks of the Damoodah, including one for navigation 
to connect Raneegunge with the Hooghly, 


9. No Ofllcer was available until the return from England of 
Captain Garnault, ii. e., who was accordingly entrusted with the 
work. He commenced ojicrations at the beginning of last cold season, 
and has now submitted a complete set of surveys, plans, and estimates, 
accompanied with a clear report on the character of the Project, the 
engineering details of which I will now proceed to notice. 


10. The general design of the works consists of a weir across the 
Damoodah opposite to Raneegunge, and nearly on the line of tlie Baii- 
eoorah Road. A canal is led of from the left flank of the weir, and 
ior the first 10 miles, as far as the. village of Noadehee, is compelled, 
by the nature of the ground, to hug the margin of the river. From 
that point, however, it commences to trend away and run on the water* 
shed of the country, more or less paralled with the lino of Railway, 
until it reaches Burdwaii, where it again skirts the river bank for about 
10 miles, leaving it finally at the great bend above Hybutpore, from 
whence, gradually curving round, ii runs to its terminus in the Bidda* 
batty Khali at Serampore, measuring rather more than 100 miles in 
length. 


11, The crest- of the weir, and, therefore, of the surface of the 
water in the canal at the olf-take, is 200* 64 feet above mean sea. The 
water reaches the surface of the country at the 5th mile, and will from 
1 hence irrigate the small patch of land lying between the canal and 
the nver bank; but it will not commence to throw out distributaries 



( 163 ) 

SO as to cbmmand any large areas until the 46th mile. The index 
Map shows at a glance the size of the tracts comprised Vithin the 
several drainage streams to which 13 principal distributing branches 
will be led, five of which will have to be carried across the Railway, 
The main canal itself, as at present designed, keeps to the south of it 
the whole distance. 

12. Though terminating for the present at Seramporc, I am of 
b))inion that it will eventually be found desirable to continue the line 
to Calcutta, and, if the comprehensive Project of Wet Docks in con- 
nexion with the Port and Railway Junction Scheme, as proposed by 
Colonel Hyde, is ever carried out, the canal must, of course, be con- 
nected with them, and, indeed, should form the source of supply to the 
Docks, instead of their being made to depend upon the mud laden 
water of ilie Hooghly, for not only will great economy in first cost be 
‘thereby secured, but one of the principal objections and difficulties 
connected with the construction of Wet Docks be obviated, that 
of keeping them free from deposit. It may, perhaps, be advisable 
not to carry the canal so far even as Serampore at first, but to lead it 
instead to the Hooghly by way of the Sursuttee at Trcbanee Ghaut. 
The saving in distance will be about 12 miles, but the cost will not 
be reduced more than one lac of Rupees, as only the earth-work will 
be saved thereby, for the terminus being at tide water the fall in the 
canal necessarily remains the same, and therefore entails the construc- 
tion of the same number of locks. The connexion with the Hooghly 
might thus be effected a little more quickly, and the branch to Trcba- 
ncc would even, after the extension to Calcutta, be still always useful. 

13, The weir has been designed after the model of that lately 
built across the Mahan uddy at Cuttuck, and all the attendant head 
works of sluices and locks are after designs which have there proved 
successful. 


14. The weir itself is to be 10 feet high above the summer sur- 
face of the water, which is practically the low bed of the river, for the 
Damoodah is nearly dry during the hot season, A paved roadway, IS 
feet broad, has been provided, as being on the line of the Bancoorah 
Road, it will probably prove very useful, for the large cart traffic that 
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takes place, to the Terminus, and which now has to plough 

across three-fourths of a mile of heavy sand. 

15. The under-sluices in the weir are designed after a pattern 
which is now being experimented upon in Orissa, and promises to be 
successful. If these are adopted, it will be necessary to construct 
annually a Trestle Bridge, or some temporary arrangemont, to continue 
the communication across the gap formed by them in the weir, but this 
will be an easy and inexpensive matter, 

16. The observed highest rise of the river at Banoogungc above 
the summer level is 20 feet. The weir being 10 feet high will occupy 
half the vertical height ; but, owing to the inequalities of the river bed, 
not more than tlircc-scvcnths of the sectional area. The greatest afflux 
occasioned by the obstruction has been calculated at somewhat under 
feet, when the discharge is at the maximum of what the most carefully 
ascertained observations can make ity viz. , 323,000 cubic feet per second. 
A greater discharge can only be obtained by a greater rise of flood, and 
as the river here cannot overtop its banks, every additionixl foot in height 
of flood only lessons the comparative amount of waterway obstructed 
by the weir, and threfore reduces the afflux proportionately. 

17. The fall in the flood surface of the Mahanuddy at the site 
of the weir is about 1*8 feet per mile. That of the Damoodah at Ra- 
neegunge about 2*4 feet. The extreme rise and fall of the Mahanuddy 
at Narajc is over 30 feet, and at Cuttack 22 feet. That of the Da- 
nuiodah, as above stated, is 20 feet. The theoretical mean velocity 
of the Mahanuddy at Naraje is 9*2 feet, and the surface velocity 11*5 
f et p(n’ second, and at Cuttack 8 and 10 feet respectivedy ; tliat of 
the Idainoodah 8*82 fet*t for the mean, and lOT leet for the surface 
velocity. The depth of water over the weir at Naraje is 19 feet, at 
Cuttack 11 feet, at Ranceguiige only 10 feet, so that the momentum 
of the water in the three cases, if reprcscuited by the velocity multi- 
plied into the weight of column of water over 1 foot in length of the 
weir, would be, supposing the afflux over the weir to be equal in the 
three cases, — 

19x62*5 ^9-2 = 10,925 feet. 

11x62-5x8*00 = 5,500 „ 

10x62-5x8*82 = 5,512 „ 
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18. The trial on the Damoodah 

excess of that on the Mahanuddy, but only half of to _ 
Narajeweirhasto withstand. The section provided for 
gunge weir is therefore ample, and indeed need not be eonstra^ to 
the full extent at the outset, but only added gradually, as the elfect or 
each succeeding year’s freshes may show to be necessary. 


19. The head sluices arc designed to discharge, with a bead of 
4 inches, 1.500 Oubic ft‘ct per second, the capacity of the canal, so that, 
when the river is only level with the crest of the weir, there may be 
as little loss of depth in the canal as possible. 

20. In order to carry the above quantity of water in full supply 
with only a moderate velocity, (a little over 2 feet per second,) the Canal 
must have a width at the head of 114 feet, and a depth of 7 feet. 
This width is liiaintaincd to the 49ih mile, from whence to the terminus 
it is reduced to 90 feet. 


21. The Loclvs have been designed 100 feet by 20 feet in width, 
so as to allow most of the boats which now ply on the Hooglily to 
navigate the canal, but the Coal Companies will, doubtless, in time 
f oiistriiet a l)ctt<T description of boat, and as tlie traffic is certain to 
become very heavy, a clear widlh of 90 feet at the water line will not 
be too great. A reduction in width from the point where the principal 
amount of irrigation ceases will not materially affect the estimated 
cost of earth -work, and therefore I am of opinion it is worth while to 
have the wider canal. 

22. The Falls and Loiks have been arranged so as in the summer 
season, when the supply in the river fulls short, to secure a minimum 
depth of 5 feet on the Lock sills, quite sufficient to afford an effective 
navigation. The designs and arrangement of these works are also 
alter the model of those in Orissa. 

23. In the first 20 miles of its course, the canal unavoidably 
passes over very uneven and rough ground, thereby rendering higl^ 
embankments necessary, though but for short distances. These will 
have to be carefully constructed, but there is good stiff earth not far 
from them all, and the silty water of the Damoodah freshes will very 



{ icr, ) 


fjtiickl licm atid fill u]) the hollows unilorni with the iToncrat 

bed of uuai. 

2.4}. As it is not possible to give a greater headway to some of 
the aqueducts, they have been provided with substantial floorings, and 
ttieir waterway has been calculated at a maximum so as to secure the 
least possible accession of velocity through the arches. 

25. The general arrangenlent and designs of the works were all 
carried out in personal communication with myself, and are fully 
described in the Executive Engineer's report. It is only necessary to 
observe that I have reduced the width of the aqueducts, which had been 
made too large, to 50 feet in the clear, thereby reducing the cost of 
those works considerably. The original drawings submitted by the 
Executive Engineer have not been altered, in order to save further delay 
in the submission of the Project, hut the necessary corrections have 
been made in the estimate. 


26. The estimate, as submitted by the Executive Engineer, 
amounts in aggregate to Rupees 45,2t,816, composed of the following 
items : — 



Rs. 

Rs. 

Earih^work — 

Canal 


18,40,238 

Distributaries 


4,00,000 

Masoniy^ 

Head Works 

5,33,537 


20 Locks ... 

6,12,000 


3 Aqueducts 

2,76,156 


5 Large Culverts 

82,485 


GO Small ditto 

1,61,400 


10 Bridges 

1,17,410 




17,82,978 

Altering Railwaj^ Bridge 

. . . 

1,00,000 

Cost of land 

. . . 

4,01,600 


45,24,816 
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27. Tliis estimate is much higher than I alitfcipated. On analy- 
zing it, I liiid that the rates allowed for the different kiinfs of work 
arehigh, and, in my op\mon, unnecessarily so. The Executive Engi- 
neer, however, has represented that the Railway works in the vicinity 
have cost as much, if not more, and therefore hegged that the rates 
might be allowed to stand. 


28. The earth-work to the canal, as estimated, will cost Rupees 
18,400 per mile, thus — 

Rs. 

The aggregate cost of cutting amounts to ... 6,79,643 

Ditto ditto Embankments ... 10,72,965 


17,52,608 

Contingencies at 5 per cent ... ... 87,630 

Total for 100 miles ... 18,40,238 


29. It is true that the surface width is 114 feet f -r the first 49 
miles, and 90 feet for the remainder; but, on examining the details for 
each mile, I find the following : — 

I. — 1 7 miles consist of cutting only. 

II. — 43 „ ,, of ,, and embanking. 

III. — 40 „ „ of embanking only. 


30. The cost per mile of — 


No. I. 

Averages 

Rs. 

Rs. 

19 9'JG 

That of No. 11. 

C Cutting 

7,748 


That of No. III. .. 

1 Embanking 

6,y53 

14,701 

19,037 


31. The principal portion of the expense thus appears to be in the 
embaidved portions, and as these last considerably exceed the cost of 
excavation, it is evident a better distribution may be made of the re- 
lative lengths of excavation and embankment. An examination of the 
longitudinal section shews where improvements can be made by a more 
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judicious arrangemAit* of the Looks, and a saving of at least Rupees 
2,00,000 tA&j he effected. 

S2. To lessen the expense of the cuttings, by reducing the width 
of the canal, will, Of course, contract its usefulness and the area from 
which returns can be collected j but in carrying out the Project, it may 
be advisable at first to limit the surface width in the cuttings to 75 feet, 
by doing which the cost would be reduced by Rupees 2,56,100 mside up 
as follows. 


83. In 29 miles of the upper half a reduction of 39 feet in width 
gives an average sectional area of 327 square feet, estimated at 4 
Rupees per 1,000 cubic feet. In 9 miles of the lower portion a reduc- 
tion of 15 feet in width lessens the sectional area by 120 square feet, 
also estimated at 4 Rupees, and in 17 miles a reduction of 122'7 square 
feet in the items estimated at 3 Rupees per 1,000 cubic feet would bo 
effected. 


84. Tlie mileage and aggregate amount by which tliis portion of 
the estimate could be reduced then appears to be — 



Rs. 

As. 

p. 

29 miles at 6906‘24 

... 2,00,281 

0 

0 

9 ditto at 2534-40 

22,810 

0 

0 

17 ditto at 1943-56 

33,009 

0 

0 

Total 

... 2,56,100 

0 

0 


This sum, added to that which may be saved by a more judicious 
location of the Locks, or Rupees 2,00,000, would lessen the estimate 
for the carth-ivork by Rupees 4,56,100. 

35. The cost of the weir and head works is set down at Rupees 
5,33,527 exclusive of Plant, or, as the length of the work is 3,000 
feet, Rupees 177 per running foot. The cost of the Mahanudely weir, 
6,600 feat long, inclusive of Plant, has been Rupees 130. The latter 
is 12 feet high, while that of the Damoodah is only 10 feet. Much 
of the stone in the Mahauuddy work, however, was conveyed by water. 
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36. The cost of the Locks, inclusive of the^t#endant weirs, is given 
at Rupees 3,000 per foot of lift. This may probably be collreot when 
taken along the whole length of the canal. The three principal aqueducts 
are estimated at Rupees 2,76,156. For the area of country drained, 
they appear to me to be unnecessarily large, but it is \^ell to be on the 
safer side in designing such works, and therefore I have not thought it 
necessary to reduce the waterway of the arches. The items for large 
and small culverts are not higher than probably is necessary. Ten 
separate bridges have been provided, besides which there will bo a 
bridge over the tail bay of every Lock, which will add 20 more crossings 
for the "canal, thus giving one on an average at every 3J mile. If more 
crossings are wanted they should be supplied by ferry boats, 

37. The cost of the Distributaries has been reckoned at what such 
works have cost in Orissa, i. e., Rupees 2 per acre commanded. 

38. The cost of land has been set down at Rupees 120 per acre, which 
at 15 years’ purchase gives a supposed rental of 8 Rupees per acre, a 
larger rent, I should imagine, than the land passed through would aver- 
age, as a good deal of it is waste. It will he necessary to place expe- 
rienced and careful Assessors on the duty of acquiring land not only 
in connection with this but with all the Projects now contemplated for 
this Province. 

39. The Executive Engineer has not included any item for Tools 
and Plant in his estimate. The contingencies, when abstracted from 
each item, amount to Rupees 1,07,000, but this would not be sufficient 
to provide such special plant as is required in the construction of weirs 
across large rivers. A sura of Rupees 2,00,000 should, therefore, be 
added to provide for Rails, Waggons, Cranes, Workshop apparatus, and 
Tools. 

40. No allowance has been made for Bungalows for th§ Engineers 
and Subordinates while the work is under construction, and for this a 
sum not less than Rupees 1,00,000 will probably be required. 

41. An item for making temporary Dams in the river while the 
weir is building should likewise be added, and a further special sum for 
unforeseen contingencies, such as injuries by untimely and sudden 
freshes during the working season. For these twp purposes not less 
than Rupees 2,00,000 should be added. 


Y 
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42. The item fgr Superintendence has also been omitted,but though, 
in the ordiinary class of works carried on in the Public Works Depart- 
ment, no such allowance is permitted in estimates, yet, on these large 
Projects, I am of opinion provision should be made, and the cost of the 
establishments, if not the members composing them, should be separate- 
ly shewn. I am of opinion that to carry out this Project vigorously 
and effectively an establishment amounting to at least Rupees 10,000 
per month will be requisite, and as the work would probably not 
completed under three years, a sum of Rupees 3,60,000 may be considered 
as required for supervision. 

43. Collecting these items, then, the following will appear as the 
total first cost of the Project : — 

Rs. 

By Executive Engineer's estimate ... 45,24,810 

AU— 

Tools and Plant ... ... 2,00,000 

House accommodation ... ... 1,00,000 

Temporary Dams and Cuttings ... 2,00,000 

Total ... 50,24,810 

Supervision ... ... 3,60,000 

Total ... 53,84,816 or say 54,00,000 

44. The subsequent annual charge for maintenance and repairs may 
be safely taken at 5 per cent on the actual cost of construction. It 
does not amount to that sum, I believe, on the Godavery Works, where 
the original cost was much less, and where, therefore, the maintenance 
would, of course, form a larger percentage. Excluding the cost of the 
land and plant, or Rupees 6 lacs, the outlay may he assumed in round 
numbers at 48 lacs, 5 per cent on which would be Rupees 2,40,000. 
To yield a nett return of 10 per cent, the income must realize .Rupees 
4,80,000 more, or Rupees 7,20,000 in all. 

45. In Section VIII. of the Executive Engineer's report will be 
found the sources from whence income is derivable. I think he has 
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considerably under-rated it, and I fully believe if will prove much larger 
eventually. 


46. Supposing the canal to be made of the capacity designed, it 
will admit of the full irrigation of 200,000 acres of rice during the 
monsoon. For this Captain Garnault proposes a charge of 8 annas 
per acre; but if irrigation is needed at all, a question sufficiently an- 
swered by the Rain Tables appended to the report, and which 
will be analyzed presently, and practically demonstrated by the 
experience of the present year, it is quite certain that its value 
is much more than 8 annas per acre. In Midnapore and Panch- 
koorah, on the Irrigation Company's Canal, Rupees 2-8 has been 
paid, and I think, therefore, 8 annas per. beegah, or Rupees 1-8 
per acre, will be quite readily acceded to. For the cold weather 
crop, the price of 3 Rupees may fairly be asked; but except for 

"such croj)s as sugar-cane, tobacco, and the vegetable gardens near 
Calcutta, a higher rate would probably not be obtainable, or even 
desirable. The area irrigable by the available supply of water is pro- 
bably correct, and, as far as the present Project is concerned, is the 
maximum to be expected. ' Any increase on the cold weather area must 
be supplied from the contemj)lated Reservoirs, and the water-rates 
leviable therefrom will, of course, be credited to those works. 

47. An examination of the Rain Tables for Calcutta and Burdwaii 
shews the following quantities as falling during the cultivating season 
from June to October at the respective localities : — 




1 .. Average of 

Calcutta. 

Burdwan. 

1859 

• • 

59-30 " 


38-8* T 

1860 

• • 

47-84* 


50-7* 

1861 

• • 

73-92 


77-0 

1863 

• • 

63-93 


64-25 

1863 

1864 

• • 

• m 

52-06* 

67-55 

.. 67-88 

40-55* , 
87-10* f 

1865 

m • 

37-10* 


84-70* 

1866 

• m 

55-72* 


49-85* 

1867 

m m 

62-93 


50-35* 

1868 

• • 

79-64 ^ 


64-10 ^ 


Average of 
good Season. 


57-70 


Note ^ — The years in which the total rainfall was below the average and those iii 
which it failed in the month of October are marked thus 
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The first thing •remarkable in the above table is the great 
difierence Xi the total quantity falling at two places so short a distance 
apart, and its diminution westward of the meridian of Calcutta. It is 
noticeable also that in Calcutta the quantity of rain was much below 
the average in four years, and in Burdwan in seven years out of the 
above period, but what is still more observable and indicative of the 
necessity for artificial irrigation always being available in rice-growing 
countries is the uncertainty and scarcity of rain in the month .of 
October by which the whole of the transplanted rice constituting the main 
crop of Lower Bengal is imperilled. By a deficiency of rain in that 
month, the outturn, if not altogether lost, is seriously diminished. 
The following shews the quantity registered in October during the 
last 10 years : — 




Calcutta. 

Burdwan. 

1859 .. 

• • 

4-96 

3-CO* 

1860 . . 

• • 

1-68* 

3-60* 

1861 


7-75 

11-20 

i8ca .. 

• • 

. . 14-40 

1265 

1863 

• 0 

3-48* 

2-00* 

1864 .. 

• • 

6-50 

0-80* 

1805 .. 


0-00* 

0-00* 

1866 . . 


7-83 

2-20* 

1867 . . 


8-12 

5-35 

1868 . . 


1-53* 

1-00* 


From the above it will be seen that though 80 inches fell this 
year in Calcutta, and Gt in Burdwan, between June and September, 
only 1’53 and 1*00 inch fell in October ; hence the short out-turn and 
apprehensions of scarcity, notwithstanding the super-abundant rain 
in the previous month. 


48. I should place the eventual returns from 
fore, at-— 


irrigation. 


Rs. 


there- 


200,000 acres monsoon rice at Rs. 1-8 . . = 8,00,000 

04,000 acres cold weather crops at Rs. 3 . . = 1,92,OOQ 


4,92,000 


Note. — The years in which the total rainfall was below the average and those in 
which it failed in the mouth of October are marked thus 
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49. From navigation, I consider, a much •larger rciurn 
looked for than Captain Garnault has assumed. The quantity of coal 
raised annually at the RaneegungC Collieries is stated to be about 

300,000 tons, of which only 46,000 tons are taken by the river route } 
but I have been furnished with a Statement by the Managing Director 
of the Bengal Coal Company, which shews the actual consumptmi of 
coal last year to have been a little short of 600,000 tons. Even now 
the Railway Company are unable to comply with the demands of the 
Collieries, and, as justly remarked by Captain Garnault, it is perfectly 
certain that the opening of the Chord Line will only increase the Rail- 
way Company's difficulties. The supply for their own wants will doubt- 
less be taken from the Kurhurballec Quarries, if they do not convey 
that which will be raised there for the public also, and therefore, 
without allowing for any increase in the quantity raised by the Collieries 
,at Raneegunge, it seems also certain that at least |rds, if not the whole, 
of the above mentioned 300,000 tons must be carried along the canal. 

It is not possible to state what amount of other articles will take the 
canal route; but, judging from the traffic which passes through the East 
India Irrigation Company's Canal at Oolabarria, at least 100,000 tons 
of stone and lime, and not less than 200,000 tons of grain and sundries 
may be expected, on which a toll of 8 annas per ton will probably be 
realized. With the Railway running parallel to the canal, it may be 
thought that passengers will not jiroceed by the latter ; but of this I am 
by no means sure. The fare by the Rail is 3 pie per mile ; by the canal 
they will be carried for 1 pie ; and though the revenue from this source , 
may be disregarded, I fully expect to hear eventually that it forms by no 
means an insignificant item. 


50. The revenue from navigation may then be fairly expected to 
amount to — • 


Rs. 


200.000 tons of Coal at 1 Rupee ... 2,00,000 

100.000 tons of stone, lime, &c., at 1 Rupee 1,00,000 

200.000 „ sundries ... ... 1,00,000 


4,00,000 
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61. The aggre^tfe income eventually available from both sources 
of irrigation and navigation will thus amount to Rupees 8,92, 000^ or 
Rupees 1,72,000 more than as above ‘shewn is requisite to provide 10 
per cent ndt on the outlay for the Project as designed. 

52. In connexion with this scheme, however, especially if such an 
outlay as half a million sterling be incurred, it would be manifestly im- 
politic not to make the fullest use that the capacity of the canal will 
admit of for the irrigation of a cold weather crop. 

53. Supposing that only 200 acres are irrigated per cubic foot of 
discharge, tlie canal, if maintained at full supply, would secure 300,000 
acres, from which if 40,000 acres, the quantity that might be reached by 
the present volume availalJle from the river, be deducted, there would 
remain 260,000 acres to be supplied by Reservoirs, which, at Rupees 3 
per acre, would yield an income of Rupees 7,80,000, and furnish about ' 
14^ per cent interest on an outlay of 54 lakhs of Rupees. 

54. A volume of 1,500 cubic feet per second would amount to 
nearly 130 millions cubic feet per day, and, if required for 150 days, would 
necessitate an available storage of 19,500 millions cubic feet, or more 
than the quantity which I showed in my Note on Lieutenant Heywood^s 
Report would exercise an im[)ortaiit influence in regulating the Damoo- 
dah floods. To provide a dischage of 19,500 millions cubic feet over the 
150 days would probably require the actual storage of about ird more, 
or say, roughly, an aggregate of 26,000 millions, which if it c )st 54 
lakhs would allow the excessively high rate of Rupees 207 per million, 
or nearly 4,830 cubic feet per Rupee. 

55. Hence it would unquestionably be a mistake not to prosecute 
the reservoir scheme in connection with this Project, as, unless I am 
much mistaken, the cost of storage will not amount to half that rate; 
and, if so, nearly the whole quantity of water requiring to be restrained, 
in order to render the Daraooflah floods quite harmless, could be remu- 
neratively stored, even supposing that none of it were utilized in any 
other locality. 

66. There is, however, a largo area irrigable on the right bank of 
the river, to which the surplus of the storage could be advantageously 
led during the cold weather, and thus the two-fold object which the 
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Government has in view in connexion with the Pfypooclah, security 
against both floods and drought, would be attained, together with an 
adequate return for the outlay incurred. 


From the Government of India, to the Government of Bengal,— 

(2ilnd March 1869.) 

"Witli reference to your No. 1135/. dated 29th December 
1868, submitting designs and estimates for a canal from the Damoodah 
to the Ilooghly, I am directed by His Excellency the Governor General 
in Council lo convey to the Government of Bengal sanction to proceed 
at once with the necessary preliminary measures for commencing the 
weir at Raneegungc and the works in connexion with it. 

2. The land required for the head works and first five miles of 
canal, and for the tramway leading to the quarries, may at once be 
marked out and possession obtained, and operations begun. Also need- 
ful steps may be taken for procuring the tools, &c., likely to be required. 

3. Further instructions in detail will be issued as soon as possible 
after the Government of India arrives at Simla, but these are not likely 
to affect any operations that could be now set in hand. 

4. The Governor General in Council desires me to express a hope 
that the local coal proprietors, whose interests this canal will in so great 
a measure benefit, may be disposed to give all reasonable facilities to the 
Government in the execution of the works, and will permit the quar- 
rying of the stone required for the weir on their estates either without 
charge or for a nominal sum. 

5. His Excellency in Council will also hope that the land required 
for the works may be furnished on terms which shall be favorable to 
the Government, and that the proprietors will be content to receive 
such a sum in compensation as will simply be equivalent to the loss of 
income occasioned by the occupation of the land by the canal. 

6. It seems necessary to direct special attention to the question of 
the under-ground rights in the land taken for this canal. It docs not 
appear desirable to acquire such rights from the surface owners, but 
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measures should be takem to cause any coal workings, &c., to be so car- 
ried on as not to injure the canal works. How this object can best be 
attained will require the careful attention of the legal advisers of the 
Bengal Government. 


From the Government of Bengal, to the Managing Director of the 
Bengal Coal Company, — (No. 427/,, dated the 30th M!arch 1869.) 

In conveying sanction to the project of a canal from the 
Damoodah to the Hoogbly, the Governor General in Council has intimated 
a hope that the local coal proprietors generally, whose interests will be so 
much benefited by this nanal, will be disposed to give all reasonable 
facilities to the Government in tho execution of the works, and will 
permit the quarrying of the stone required for the weir across the river 
without charge, or fora nominal sum. His Excellency in Council also 
hopes that the land required for the works may be furnished on terms 
which shall be favorable to the Government, and that the proprietors 
will be content to receive such a sum in compensation as will simply 
be equivalent to the loss of income occasioned by the occupation of the 
land by the canal. 

2. In conveying these sentiments of the Governor General in 
Council, the Lieutenant-Governor desires me to express his hope that 
they will be liberally responded to by your Company. 


From the Government of Bengal, to the Superintendent of Works, 
Damoodah Circle, — (15th April 1869.) 


* Faragraphsl and 2. 

No. 97L dated 22nd March 1867. 


With reference to the accompanying extract* from a letter 
from the Secretary to the Government of 
^ndia. Public Works Department, mar- 
ginally noted, conveying sanction for 
commencing operations on the Canal Works, I am desired to forward 
the accompanying Memorandum of Instructions prepared by the Chief 
Engineer of Irrigation for your guidance, and to direct your careful 
attention to the several points adverted to therein. 
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Memorandum by Lieutenant-Colonel F. H. k. b., Chief FMgi- 

neevy Bengal^ Irrigation Deparinienty on the letter^ from the 
Government of India No^ 971., dated the %^nd March 1869^ — 
(mh March 1869.; 

With reference to the sanction of the Government of India^ 
conveyed in No. 977. dated 22nd March 1869, to proceed at once with the 
preliminary measures for commencing the weir at Raneegunge and the 
works in connexion with it, the following instructions are issued for the 
guidance of the Superintendent of Works, Damoodah Circle. 

The works which will now require to be put in hand are— 

— Construction of the buildings at the weir site for the 
accommodation of Officers, Subordinates and Arti- 
ficers, Work-shops, &c. 

2ndy — The quarries and line of tramway therefrom to the river. 

Srd, — Collection of material, such as limestone, fuel, timber, 
and bricks for the wells. 

4thj — Purchase of Work-shop and other Plant and Tools. 

5/hj — Marking out the bcundaries of all the land required in 
connexion with the above. 

6thy — Marking out the centre and side widths of the first five 
miles of the canal. 

7thy — The collection of the Subordinate Esiablishment required 
for the work to be now undertaken. 

Stiy — The accounts. 

As regards the accommodation, a plan of the ground to be occupied 
should be first drawn on a large scale, and convenient plots allotted for 
all the buildings, according to the purposes for which they may be 
respectively devoted. Plans and estimates should then be submitted 
for the formal sanction of Government. In the meantime the collection 
of materials should be proceeded with, and contracts be given for the 
doors and windows, if by so doing they can be more quickly and as 
economically procured as if made on the spot. 


z 
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2nd. The site of the quarries should be well examined, and trial 
openings naade before definitely fixing the direction of the portion of 
tramway nearest them. The rest of the line to the river should, after 
being caiefully levelled and marked out, be at once put in hand, so that 
the embankment may have time to get well consolidated before the 
ballasting is laid on. The actual breaking ground on the quarries or 
elsewhere must of course be contingent on the permission of the pro- 
prietors of the land to enter on the ground prior to its being formally 
taken over for Government. 

3;v/. Contracts should be entered into for the supply of such 
materials as have to be brought from a distance, such as timber or 
limestone ; but the expense of obtaining the latter in the neighbourhood 
by the Department's own agency should first be well tested, and the 
material should not be carried one mile further than can possibly be 
helped. All the lime must be used quite fresh, and should be burnt at 
the site of the works. Kilns should, therefore, be erected on both sides 
of the river, if necessary. 

Timber for well curbs should be procured, but experiments should 
be made as to whether the curbs could not be made of whole bamboos. 
It is not necessary that the well should be circular, and experimental 
wells might also be built with rubble stone. Similar experiments are 
now being made on the Sone, and their success or otherwise should be 
ascertained. If the rubble wells answer, it will save considerable 
expense in the manufacture of bricks. 

4^th. A list of the most necessary machines, sufficient for the wants 
of a small work-shop, as well as of those required for the quarries and 
tramway, should be prepared, and such as are procurable in Calcutta 
may, after the sanction of Government has been obtained, be purchased, 
i^^re will have to be exercised in the selection of the machines, as well 
as of the ordinary tools. The best brands only of the latter should be 
purchased.-, 

5<A. Great care eliould be taken in marking out the boundaries 
of all the land required for the works, so that, while ample is secured 
for all the respective purposes, not more than is reasonably necessary be 
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taken up. Tie necessary sketch plans should be prepared, showin<> the 
village or mouzah boundaries, in order to guide the Deputy* Collector 
who will be appointed to take up the land for the works. All the Land 
Plans should be carefully numbered in consecutive order for the respec- 
tive works for which the land is taken up, so as to be easily recognizable 
hereafter whenever a necessity for reference may arise. 

' The centre and side widths of the canal itself for the first five 

miles will have to be carefully nicked out before the Deputy Collector 
can commence his measurements, and at the same time the centre line 
can be pegged out so as to admit of the excavations being commenced 
immediately the promised further detailed orders are received from the 
Government of India. 

7M. The Superintendent must carefully consider the subordinate 
establishment which will be necessary. He will submit lists of such 
as, in his opinion, will be requisite, together with the names of any 
candidates w^ho may have applied to him, and whom he can confidently 
recommend. Only ^uch appointments will be filled up at present, how- 
ever, as are absolutely necessary in connexion with the quantity of w’ork 
to be undertaken. A person who has had experience in the quarrying 
of laterite and management of the tramway at Cuttack will be trans- 
ferred to Raneegunge. 

8M. The Superintendent will have to make at the outset such 
arrangements as will ensure a careful record of the expenditure being 
kept. He must report what arrangements are required in connexion 
with the supply and custody of cash. At present, while the expendi- 
ture will be moderate, the ordinary Account Establishments for the 
Division will probably sufiice; but, if it is found hereafter that some 
more special establishment is required, the Superintendent must report 
the same for the consideration of Government. 

It will be useful if a diary containing all particulars of interest 
in the progress of the work were regularly kept by the respective 
Executive Engineers, so that hereafter a history of the project from its 
commencement may be forthcoming and prove a valuable reference 
for subsequent similar undertakings. 
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From the ManagingDfrector, Bengal Coal Company, to the Government 
^ of Bengal, — {5th April 1869.) 

Your letter No. 427/. of the 30th ultimo has been duly 
received and laid before the Board of this Company. 

In my letter of the 1st December I stated the terms on which any 
lands belonging to this Company would be made over to you for the 
canal works, and I have now only to add that for all lands not cultivated 
no demand will be luade. 

I think I stated to you verbally that the Directors have no legal 
power to sell any land of the Company, and that the arrangement 
stated could only be made by them on the plea that the land required 
for the canal could be taken under the Public Works Act, and that, 
by thus agreeing to part with it on already fixed terms, time would be 
gained in the construction of a work generally for the benefit of the 
Company. 

If you will be so good as to let me have a copy of the plan of the 
canal as far as it passes through the property of this Company, I will 
at once send you a memorandum of what the cost of the land would be, 
and endeavour to meet your views in all ways possible. 

As to the laterite and other material required for the weir, the 
same remark applies, that the Directors could not give it without some 
charge ; but I should be ready to make this quite a nominal one, if you 
could offer some collateral advantage to this Company iu lieu of a larger 
payment. 1 would beg to suggest that, as I believe you will lay down 
a tramway from Munglepore to Rogoonauth Chuck, you might agree to 
let this Company have it on certain conditions when the work was done, 
or the use of it on favorable terms ; or, as you will reejuire a large 
quantity of rubble coal, you might engage to buy it of this Company 
at a fixed and fair price. 

The Board are quite anxious to meet you in every way possible, and 
will be glad to receive any proposals you can make of the nature 
indicated. 

From the Government of Bengal, to the Government of India, — (15th 

April 1869.) 

With reference to your letter No. 971. dated 22nd March last, 
conveying sanction to the commencement of preliminary operations on 
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the Bamoodah Canal Project, I am instructed to say that the j)urport of 
the wishes of the Governor General in Council, as expressed in para- 
graphs 4 and 6, have been duly conveyed to the Managers of the 
Coal Companies. 


2. I am now to forward a printed copy of a reply* from the 
Manager of the Bengal Coal Company, 
* Letter dated 6th Apru 1869. intimating the willingncss of the Directors 

to meet the views of His Excellency the Governor General in Council, 
but asking for some collateral advantages'^ to be conceded in return. 


3. The terms alluded to, as those on which the Directors had 
previously intimated their readiness to make over all the requisite land, 
are contained in the letter from Mr. Robinson dated 1st December 
last, herewith forwarded. 


4. The concessions now solicited are either the use of the tram- 
way about to be constructed from the Laterite Quarries to the River, 
or an engagements^ to buy all the coal required in connexion with 
the proposed works at a fixed and fair pricers from their Company. 

5. With reference to the first of these concessions, I am desired 
to state that the Lieutenant-Governor is of opinion there can be no 
objection to making over the use of the tramway to the Company on the 
understanding that they keep it in proper repair ; but, as regards the 
second point, he is doubtful of the expediency of entering into an 
engagement with one Company only, and is of opinion that, for the 
coal required, tenders ought rather to be publicly called for. 


6. I am desired to solicit instructions as to the extent to which 
the concessions asked for may be granted. 


From the Government of Bengal, to the Managing Director, Bengal 
Coal Company, — (17th April 1869.) 

I am instructed to acknowledge receipt of your letter No. 

dated the 5th current ; and to State that the Lieutenant-Governor has 
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siibmitted^it for the orders of the Governor General in Council, with 
reference to the concessions asked for therein. The Superintendent of 
the Damoodah Circle has, at the same time, been requested to furnish 
you with a copy of the plan of the canal, shewing its general 
direction. 


From the Government of India, to the Government of Bengal, — 

(11th May 1809) 

I am directed to acknowledge receipt of your letter No. C07/- 
dated 15th April 1869, requesting instructions as to the extent to which 
certain concessions asked for by the Directors of the Bengal Coal Com- 
pany in connection with the projected new canal from the Damoodah 
to the Hooghly may be granted. 

2. In reply I am directed to state that the Governor General in 
Council will leave it to the Ilon^ble the Lieutenant-Governor to deal 
with the Coal Company as seems to him best, merely remarking that 
it is desirable that the Company should be treated well if they are 
disjioscd to be liberal, and that it’ docs not appear essential to go into 
the public market for the coal required for the works if a really fair 
price is agreed to by the Company. 

2. I am also to observe that it is very desirable that all minor 
matters should, as far as possible, be settled at once and the works 
begun. 


From the Government of Bengal, to the Managing Director, Bengal 
Coal Company, — (15th June 1869.) 


In continuation of my letter No. 6157. of the 17th April last, and 
with reference to the concessions asked for in your letter of the 5th idem. 
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I am directed to inform you that the Lieutenanf-(jOvernor will be pre- 
pared to give your Company the use of the tramway which is about to be 
laid down from Munglepore Quarries to Rughoonauth Chuck, in consi- 
deration of the nominal charge on which he understands your Company are 
prepared to make over the laterite and other materials required for con- 
structing the weir and canal works. The tramway will of course be kept in 
repair by your Company as long as it may be required for their 
purposes. 


2. The OfBcer in charge of the works will likewise be instructed 
to arrange for the purchase at a fair price of coal from your Company, 
whenever it can be conveniently transported to the site of those works 
for which it may be required. 


From the Managing Director, Bengal Coal Company, to the Govern- 
ment of Bengal, — (24th June 1869.) 

I am desired by the Board of this Company to say, in reply to 
your letter No. 1111/. of the 15th instant, that you do not engage to 
leave tlie tramway from Munglepore to Rughoonauth Chuck for the 
use of the Company as long as they require it. 

If you will do this, the Company will accept your conditions that 
they arc to keep it in repair as long as they require it for their 
purposes. 


From the Government of Bengal, to the Managing Director, Bengal 
Coal Company, — (1st July 1869.) 

In reply to your letter of the 24th ultimo, I am directed to 
state that my letter of the 15th idem was intended to convey that your 
Company should have the use of the tramway from Munglepore to 
Rughoonath Chuck as long as they may require it. 
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From the Managing Director^ Bengal Coal Company, to the Govern- 
ment of Bengal, — (3rd July 1869.) 

I have to thank you for your letter of the 1st instant, which is 
quite satisfactory. I will send orders at once to the General Manager 
of this Company at Ilaneegunge to make over the latcrite hill at Mun- 
glepore to Captain Garnault, and I shall be glad if you will instruct 
him to agree to the following conditions regarding it : — 

1^/, — The ground within which he wishes to work to be marked out 
by him at once. 

%i(l ^ — No cultivated land to be interfered with if it can possibly 
be avoided, and if any such is injured or occupied in any way, compen- 
sation to be made to the ryots at the established rates in the district 
of the value of the land. 

3r^, — The sum of fifty Rupees (Company's Rupees 50) to be paid 
to this Company for the right to work the laterite for five years. 

These conditions I hope you will consider reasonable. 

With regard to land required for the tramway from Munglepore to 
Rughoonauth Chuck, I beg to say that this Company will not require 
any payment for the part of it that is uncultivated, and that, as soon as 
Captain Garnault marks out what he will require of this description, I 
shall be glad to give orders for it to be made over to him to work upon. 


From the Government of Bengal, to the Managing Director, Bengal 
Coal Company, — (12th July 18C9.) 

In reply to your letter dated 3rd instant, I am directed to inform 
you that Captain Garnault has been instructed to comply with the 
conditions therein mentioned as far as possible. 
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:r)AMOODAH CANAL PEOJECT. 


From the Government of India, to the Government of Bengal, — - 
(No. 2347, dated Simla, the 29th July 1869.) 

In ’my letter No. 977. dated the 22nd March 1869 the sanction of 
His Excellency the Governor General in Council was communicated to 
proceed with the necessary preliminary measures for commencing upon 
the head-works of the Damoodah Canal, and the Government of Bengal 
was informed that further instructions in detail would be issued as soon 
as possible, 

2. I am now directed to state that, after a careful consideration of 
the reports and correspondence on the project, and of the remarks con- 
veyed in the accompanying Note by the Officiating Inspector-General 
of Irrigation, His Excellency the Governor General in Council is of 
opinion that sanction for the further prosecution of the works must bo 
withheld until more full and satisfactory information than has yet been 
furnished on various important points is placed before the Government 
of India, The Governor General in Council will not object to the line 
of the canal being marked out, but the actual prosecution of the works 
should be deferred until the estimates can be revised, and ^ until the 
dimensions of the main channel and the arrangements for the distribu- 
tion of* the water are more exactly stated, and finally approved of. 
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3. The estimates, as they stand at present, tfiqjigh probably giving 
a fair first approximation to the cost of the works, cannot be considered 
as at all complete. The designs for all the locks and weirs seem to call 
for furtlier attention, and specific designs for each work are essential. 
It may also be remarked that the fall, according to the arrangements 
now proposed, would, so far as can be understood, in some cases be in- 
conveniently great. 

4. The arrangements for the distribution of the water and the tracts 
of land which are to be irrigated are only very faintly sketched out, and 
the cost has not been at all accurately ascertained. The precise align- 
ment of the subsidiary channels does not appear to have been considered 
or determined on, though, of course, the question of cost must be mate- 
rially affected by the nature of the ground through which these channels 
will be carried. 

5. The average available supply during the rains seems to be about 
4,000 cnl)ie feet per second. Of this, 3,000 cubic feet per second might 
be set aside for the north or left bank of the river, and 1,000 ciihic feet 
for the south hank. If the works are now designed so as to admit of 
fuiiire expansion, there is no objection to beginning with the smaller 
supply of 1,500 cubic feet on the left hank ; but special attention will 
be necessary to the method of dealing with the falls and other masonry 
works, if provision is made for doubling the supply afc some future 
period. 

6. The question of reservoirs has been under consideration in rela- 
tion to this The extent to which a cold weather sux)ply of 

water could be utilized is not at all fully discussed iu the reports now 
submitted, nor the extent to which the natural river supply would go in 
providing for it without reservoirs. It seems probable, however, from 
the information now before the Government of India, that in six years 
out of eight the reservoirs would probably not be needed ; and if this is 
correct, it is very doubtful how far their cost would be covered by 
returns from irrigation. To render the project complete, however, it is 
very desirable that the Government of India should be placed in posses- 
sion of information which will allow of a final decision being arrived at 
with regard to these works. 

2 a 
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7. Tbe'propoped^ arrangements for combined irrigation and naviga- 
tion in the main canal should be carefully re-considered, and I am to 
invite the special attention of His Honor the Lieutenant-Governor to 
the suggestions of the OflSciating Inspector General on this point. 

8. With regard to the terminus on the Hooghly, nothing has been 
said in the reports as to the precise reasons which led to the selection of 
tlie site near Serampore. It is understood that the interests of the coal 
owners would be best provided for by carrying the terminus as high up 
the Ilooghly as Tnbenee Gh&t, so as to get as near to Chogda as possi- 
ble. This last place is the point where the Raneegunge coal would be 
put on the Eastern Bengal Railway. The Hooghly below it is easily 
navigable, and the coal boats would drop down to Calcutta with the tide 
with perfect ease and safety. By taking the terminus at this point, 
about ten miles of canal would be saved, also some extent of land, which 
must get more costly as we approach Calcutta. The money saving 
would thus be considerable, and the line is also about the shortest possi- 
ble from Burdwan to the Hooghly. 

9. On the above grounds. His Excellency the Governor General in 
Council is of opinion that Tribence Ghat is the proper site for the ter- 
minus, and I am to request that the lower section of the canal may be 
modified accordingly, unless the Government of Bengal, on further en- 
quiry, can show that the above position is erroneous. 

10. The Governor General in Council is disposed to think the pro- 
posed navigation rate, 1 Rupee per ton, as likely to be too high for the 
100 miles of canal, and His Excellency in Council doubts the propriety 
of having more than half this rate. But on this point I am to observe 
that it is desirable that the probable cost of haulage should be ascer- 
tained, and that an accurate comparison between the railway and canal 
rates should be instituted. This must be a consideration materially 
affecting the designs of the works, as it cannot otherwise he known to 
what extent it may be desirable to make the arrangements for irrigation 
subordinate to those for navigation along any portion of the canal. The 
facilities in the way of sending coal to the Hooghly by the Damoodah 
during floods appear to have 1 een somewhat understated in comparing 
this mode of conveyance with the railway and^the new canal. 
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11. With regard to the coal traffic, it must 4>e» recollected that the 
rail in every case can be carried to the pit^s mouth, and is in in some 
instances there already : also that at the same time regularity of trans- 
mission may be considered certain, and can be easily arranged to suit 
the ordinary rules of supply and demand. In the case of the canal, on 
the other hand, there must be land carriage from the pit's mouth to the 
bank, and trans-shipment is, therefore, inevitable. His Excellency in 
Council attaches no importance to the statement that the railway can- 
not carry the quantity of coal produced, and must suppose that the 
assertion to that effect made in Colonel Rundairs Memorandum mast 
have been put forward inadvertently, as the carrying capacity of a 
double line of rail, with sufficient sidings and under good management, 
is nearly unlimited. 

12. The question as to whether steam power will eventually be 
used on the canal, either for towage or carria'^e, must at present be a 
matter of surmise, and must depend on so many questions now unsettled, 
that the Governor General in Council does not believe that any one is 
capable of forming a very decided opinion upon it. 

13. On the subject of the probable returns from the water used 
for irrigation, I am to observe that the acreage of both rice and rubbee 
crops per cubic foot of supply would seem to be over-estimated. But 
as the rice irrigation rate is low, and the volume of water in the rubbee 
is probably under-estimated, the general results may not be far out, or 
even not high enough as an ultimate return. 

14. But before His Excellency the Governor General in Conncil 
can feel satisfied that the calculated returns rest on a firm basis, 
I am to remark that the questions which have been raised in 
the Officiating Inspector General's Note will have to be carefully 
considered and replied to. The point on which the least informa- 
tion exists is, after ad, the most important, and that is, whether 
the waters of the canals can be fully utilized without an entire 
alteration of the system of irrigation now pursued in the lands effected. 
It would be a strong argument in ffivor of the project, if it coiild be 
shown that the people could be induced to give up their present defective 
system, and that irrigation of a superior kind could be immediately 
afforded to them, which, being also combined with efficient drainage. 
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Avoiild probably cotitfibute vastly to the general healthiness of the 
country. « 

15. It appears to His Excellency in Council that^ unless a great 
change is effected in the present system of husbandry, the pouring of 
the waters of the Damoodah over thes^e Districts might prove absolutely 
injurious. There is, therefore, much still to be considered in this matter, 
and His Excellency in Council desires that the Bengal Government 
should take a very early opportunity of submitting the opinions of the 
District OfScers on this blanch of the question. 

16. It would, no doubt, be a difficult undertaking to interfere 
with a system of cultivation extending over a large tract of country, 
however imperfect that system may be, and further difficulties may be 
encountered in dealing with proprietary rights with regard to water- 
supply; but if a system of irrigation, pernicious to health and inade- 
quate to proper agriculture, is in existence, the legislature, acting in the 
interests of the people at large, would have a perfect right to step in 
and substitute one of a more beneficial character. 

17. It seems almost certain indeed that the extension of irrigation 
in Bengal can only go on under cover of legislative authority, whiclx 
must admit of surface drainage being insisted upjii, and the levy of 
water-rates on all land irrigated from water drawn from any Govern- 
ment canal originally, whether it has passed through fields on its way 
to the lower lands or not. Further, the defective sanitary state of 
Bengal, due to imperfect or interrupted drainage, would apparently 
quite justify the Government in summarily requiring by law the free 
surface drainage of the whole country, and in strictly prohibiting irriga- 
tion where proper drainage was not carried out simultaneously. This is 

Vide Public Worts Dopartmont provided for to some extent ill the new 
No. 2081. dated 20th August 1868. 3JJ1 Colonel Straobey, to which 

attention may be given in relation to this subject. 

18. Until these questions are disposed of. His Excellency in 
Council cannot attach much importance to the estimate of returns from 
the proposed works. 

19. On the subject of drainage, I am further directed to state 
that so far as this has to be provided for at the expense of the State, too 
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much attention cannot be paid to it in designing the caiml and its 
subsidiary works. Wherever the embankments are raised almve the 
level of the surrounding country, drains should be carried continuously 
along the outer slopes, and the water got rid of by running off into the 
canal again at a lower level, or into some natural drainage channel. 

20. One other point has still to be noticed : The Governor Gene- 
ral in Council is quite willing to allow of a fair provision of inspection 
buildings being included in the estimates, but it is very necessary that 
nothing in excess of reasonable wants should be provided; and, in order 
that the arrangements contemplated by the local Engineers may be pro- 
perly controlled, full details of all buildings should be furnished. On 
this point, I am to request the attention of Ilis Honor to the remarks in 
paragraphs 28 to 30 of the Officiating Inspector (leiierars Note. 

21. The provision of suitable escape channels calls for attention. 

22. The plans and estimates received with your letter arc returned. 


Koie hi) Ojfftciaimg Inspector General of Irrigation, — (Z\st Mag 1869.^ 

It is proposed to make the channel with a capacity equal to the 
discharge of 1,500 cubic feet per second. A much larger supply is 
available during the rains, and the question has been raised as to 
whether the capacity should not be increased to 3,000 cubic feet per 
second. 


2. As irrigation under the Damoodah is as yet untried, and as it 
impossible to know beforehand to what extent the people will take 
water, it will probably be admitted that it is desirable to confine oper- 
ations within a limited scale in the first instance, so long as this can 
be done without entailing extra expense when any further extension 
of the system is proved by experience to be necessary. Nothing of 
course is done by the present arrangements to interfere with the 
formation of channels on the south bank of the river, and if the 
designs of the northern channel are so arranged that the supply may 
be increased, if required at any future time, up to 3,000 cubic feet 
per second, nothing further is required. 
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3. The supply now allowed, 1,500 cubic feet per second, will be 

carried witfi a depth of 7 feet, and velocity of 2i feet per second, that 
is in the upper part of the channel where the fall is 6 inches per mile. 
This quantity might be increased to 2,000 cubic feet without any sen- 
sible alterations of the plans, but if it were to be raised to 3,000 
cubic feet, the depth would have to be increased to 10 feet and the 
velocity to 2| feet per second, and the gates and masonry work at the 
heads of the locks, the aqueduct retaining walls and various other 
works, as also the banks, would have to be made to withstand a depth 
of 3 feet in excess of what is now provided. The thickness of the 
masonry works to withstand this extra pressure would have to be in- 
creased by about 1 foot, and if this is allowed now, the works may 

be raised to the required height at any future time at no greater ex- 

pense than would be incurred if they were raised to the full height 
at once. The embankments may also of course be raised hereafter* 
in the same way ; but, with regard to the masonry falls, it is desirable 
that some increase of width should be provided. 

4. The channel, as now designed; is to have a depth of 7 feet, 

and a fall of 6 inches per mile for 28 miles. The fall is then to be 

gradually reduced to 4 inches, 3 inches, and 0 per mile, and the velo- 

city from 2*2^ to 1*8^ 1*5^ and 0 j)er second. I think 2*25 feet a 
favorable standard for the mean velocity, if an occasional increase of 
supply is contemplated ; and, considering the advantage of keeping 
the velocity within moderate limits for the sake of the navigation, I 
would not advocate any change, especially as, from a great part of the 
channel being within embankments, the saving effected by increasing 
the velocity would not be proportional to the reduction in the width 
of the channel. 

5. The arrangement proposed for gradually reducing the slope of 
the channel and the velocity would lead to an extensive deposit of 
silt. Colonel Rundall refers to the muddy character of the Damoodah 
freshes. In paragraph 23 of his Note, he explains that the high em- 
bankments along the line of channel are necessary on account of the 
irregularity of the profile of the ground, but that they would be 
quickly stanched, and that the hollows in the bed would also be silted 
up to a uniform level. But silting would not stop here, and it is 
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evident that precisely the same result would arise from the channel 
having any excess of capacity in regard to width, as there would from 
excess of depth. So that if the upper part of the channel has the 
hollows in the bed silted up, until the stream has a mean velocity of 
feet per second, and then remains permanently free from silt depo- 
sits, there must surely be reason to apprehend that in the lower 
reaches of the canal, where the mean velocity is reduced to 1*8 or 1*5 
feet per second, the silting will go on, until, by diminishing the capa- 
city, it should bring the velocity to the standard of that in the upper 
reach. There is, so far as I know, only one method of preventing 
injurious silting, and that is to keep up the velocity to the point 
where irrigation and navigation are to be combined, and from that 
point onward to have the channel for still water navigation only. In 
^his case, allowing a top width of 75 feet, or a bottom width of 50 
feet for navigation, the required velocity of feet per second would 
be obtained with a depth of 7 feet, and a fall of or 6*3 inches 

per mile, and the resulting discharge would be about 900 cubic feet 
per second. If there is sufficient land below the 65th mile of channel 
for utilizing this quantity, this point would be a convenient one for 
commencing the purely navigation channel ; and by a glance at the 
map it will be seen that a complete quadrant of 25 miles radius is com- 
manded, and as this is equal to an area of 490 square miles, we have 
at 250 acres per square mile, 122,500 acres available against the com- 
puted duty of the water, viz,y 900 >cl33 = 119,700 acres, so that 
there can be no objection to the arrangement 1 have suggested as 
regards irrigation, and from the great advantage it would afford with 
regard to silting I would recommend it for adoption. 

6. The width above mentioned, 50 feet at the sole of the channel, 
would be the minimum width in the first 65 miles. From the 65th 
mile upwards it would be gradually increased, and at the head it would 
be about 100 feet wide ; but if the depth is retained the same through- 
out, the width should always be in proportion to the quantity of water 
carried. 


7. I observe that Colonel Strachey suggests a reduction of the 
width of the navigable channel to 55 feet at top. I had recommended 
the same thing for the navigable channels in the Gunduck Project 
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before I had seen C(Jlohel Strachey^s remark ; but I would make an 
exception hi favor of the Damoodah Canal, in consideration of the 
great importance of the traffic likely to be carried by it. At all events 
a top width of 75 feet may be allowed where the canal is in embank- 
ments, ^as it will cost no more than a smaller width, excepting for the 
additional land it would take up ; and in cuttings some saving would 
be effected by restricting the width to 60 feet at surface, or about 40 
feet at bed. Berms may be left along the latter to allow of the width 
at surface and bed being increased to 75 and 55 feet, respectively, at 
some future time, if proved by experience to be necessary or desirable. 

8. The supply of 1,500 cubic feet per second is considered capa- 
ble of irrigating 200,000 acres of rice. This is at the rate of 1 cubic 
foot per second for 133 acres. The lowest rainfall in Burdwan during 
a period of nine years was 44*4 inches, and the average 60 inches. 
The allowance of water is probably nearly sufficient, as it would be 
equivalent to an additional fall of rain of 32 inches on the computed 
area of irrigation in a period of 180 days, which would give between 
65 and 70 inches in all for the six months from June to November. 
It would, however, be necessary to allow for an extra supply at such 
times as the rainfall should be unfavorable, and the channels being 
designed with the banks only 3 feet above the standard supply level, 
could not carry much more with safety. A long time is likely to elapse, 
however, before water will be required for so large an area as 200,000 
acres, and it will not be necessary to raise the banks higher until the 
full supply is called for. 

9. It mny be remarked that the distribution of the above area is 
not clearly defined in the map, the areas of the plots under the proposed 
branches being apparently exhibited at 500 acres per square mile, which 
may approximate to the whole cultivated or culturable area, whereas 
the land to be irrigated is to be reckoned at half this rate. There is 
abundance of land under the canal, but it is not clear that the branch 
channels have been shown in the map, in conformity with the arrange- 
ments likely to be carried out in practice. I have no means of checking 
the estimate for distribution, namely, Rupees 2 per acre, which Colonel 
Rundall says was found to be the cost in Cuttack, and I think that 
detailed estimates for the various rajbuhas required should be submitted 
to the Government of India for approval before they are commenced upon. 
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10. The sufficiency of single locks, 100 fee? long, for the large 
traffic that may be expected, has been questioned. I would recommend 
that the length be increased to 150 feet, and that the chambers may bo 
widened to 22 feet at the low water line. A convenient size of boat 
would be about 00 by 10 feet, and would carry 1,000 maunds, or 36 tons. 
Four such boats could enter the lock at a time, and the lockage, taking 
the delay in getting boats in and out into account, would not be 
effected much, if at all, under 20 minutes, and allowing 12 hours each 
day for loaded boats and 12 hours for returning empty ones, we should 
liave 5,000 tons per diem, or 1,750,000 tons in 350 days, as the total 
duty of the locks. This may be considered the maximum ; for, in 
]u-aetice, boats would not work up to the full standard. But probably 
500^000 tons per annum might be conveyed, or more if very large 
boats were made, as there would then be a saving in the time of lockage. 

11. With cheap coal available, one would naturally expect that 
the aid of steam power would be called in, and this will be provided for 
by making the locks 150 feet long; but unless steamers can be made 
to carry freight economically, and not simply to tow other boats, the 
great number of locks in the cannal (20) would be greatly against 
their introduction, as the delay in locking would do away with a great 
part of the gain in time by steaming. 

12. The Executive Engineer's estimate for the canal amounts to 
Rupees 50,21,816, exclusive of establish in cuts, composed of the 
following items : — 


Weir and head-works 

Es. 

Earth-work, Main Canal 

.. 18 , to, ^38 

20 Locks (with Weirs) 

.. 0,l:i,00() 

Aqueducts and Culverts 

5,20,041 

Bridges 

2,17,110 

Distributaries 

.. . 4.,00,()00 

Land . . 

4,01,000 

Tools and Plant 

2,00,000 

House accommodation 

1,00,000 

Temporary Dams and Cuttings.. 

2,00,000 


50,24,816 


2 B 
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13. Colonel Rundall is of opinion that the rates allowed by 
Captain Garnault are unnecessarily high, and he proposes to effect a 
considerable saving in the earth-work by re-placing part of the heavy 
embanking allowed for by cuttings, and by altering the position of the 
locks. He also explains that a further reduction may be effected if the 
surface width of the cuttings is limited to 75 feet. The saving in all 
would, according to his calculation, amount to llupees 4,5G,100, of 
which Rupees 2,00,000 are due to the reduction of the width of the 
cuttings. 

14. This estimate must be regarded as a rough approximation, 
and it cannot he determined to what extent cuttings can be economically 
substituted for embankments, without a detailed examination of all the 
measurements ; but it is suOiciont to show that the arrangements pro- 
})Osed by Captain Garnault may be revised with advantage, and I would 

not recommend definitive sanction* for 

* I think this a vory nofcsanry prccau- . i * • • 

t ion in a queRUoii which iuvolv. a 1 ho saving the Wliolc projcct Until tlllS pOint IS 
or apciuliug oi' 1 or 6 lakhs ul’ liupoes. . , 

settled. With regard to the reductiou 
of width mentioned as an alternative arrangement to what has 
been designed rather than recommended for adoption hy Colonel 
Rundalb T have already given my opinion as to the extent to which it 
should be carried ; but 1 may re])eat that I advocate a reduction in the 
last 35 miles of channel in embankments to 75 (bet, and in cuttings to 
60 feet at surface; and for the u])per 65 miles, I propose to reduce the 
width in proportion to the quantity of water to be drawn off for 
inigation, from the maximum of 114 feet at surface at the head of the 
canal, to 75 feet at the G5th mile. 

15. Altliough the Chief Engineer considers the Executive 

Engineer’s estimate unnecessarily high, the Government of Bengal 
tliink it is perhaps more prudent to refrain from making any reduction, 
as prices of materials and lalior appear to be steadily rising. This 
reason may be considered valid for not making any alteration in the 
Executive Engineer’s but not so, I think, with regard to quantities. 

The latter should bo calculated accurately, at high rates, if necessary, 
hut it is not desirable that a large margin should be left to cover simple 
inaccuracies, as would be the case ii the Government of India were to 
sanction the whole of the estimates for Ru])ees 50,24,816, on the 
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understanding that there may be a saving in ea»th-Tvork of between 
4 and 5 lakhs of Rupees. 

16. Tlie estimates for the works generally have not been given in 
sufficient detail. 

17. The sum of Rupees 2,00,000 has been provided for tools and 

plant, which, I think, is not more than 

Para. 41, Memorandum. • i i • -i 

IS likely to be required, and Rupees 
2,00,000 additional are entered for temporary dams and cuttings;, and 
for unforeseen contingencies, such as injuries by untimely and sudden 
freshes in the working season, 

IS. Tiie latter sum is a large addition to the actual estimate for 
the weir (5^ lakhs), but Colonel RundalPs experience in such matters 
is likely to prevent his rniiniug into great error; and though the 
(iovcrnmiuit of India arc not called upon to sanction this outlay now, 
they may he prepared for it when the contingencies, now unforeseen, 

CO me into operation, 

19, T1 — The design for the weir having been adopted from 
that for similar works in Caittack, Colonel lluiidall is the most competent 
jierson to judge of its sufTieiency. It may be concluded, in the absence 
of iiiformalion to the contrary, that the bed of the Damoodah at the 
site selected for the weir is of a similar character to that of other 
rivers running to the east coast, in which weirs of the same kind have 
been successfully carried out. The process of construction will be 
much simpler than in the case of the snow-fed Himalayan river, 

20. The undcr-sluices of the weir are designed on a pattern which 
is being tried in Orissa. Such experiments should, I think, be en- 
couraged, but without attempting to prejudge the proposed arrangement * 
as regards the working of the shutters, 1 would venture to doubt the 
propriety of having large openings of 50 feet span. The pattern usually 
adopted in Madras, that is small vents generally 6 feet wide, arched 
over, was, I imagine, designed with no other object than to allow of 
their being easily managed by a few Natives ; but they have the great 
advantage of preventing an undue acceleration of the current during 
the freshes, from the resistance offered by the piers and archwork, and 

I have always considered them superior, on that account, to the open 
dams usually designed in the north of India, 
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21. I think that' 3 feet, as a margin for the crest of the emhank- 
ment rouiid the head-works above the highest known floods is insufficient 
for security, and not less than 6 feet should be allowed. 

22. Unless the latcrite which is to bo used for the flooring of the 
undcr-sluices and the crest of the dam is of very superior quality, the 
wear and tear will be considerable. 

23. It is observed that a rate of Rs. 50 per 100 is allowed for cut 
stone for all the works comprised in the project. If this is not more 
than sufficient for the weir and head-works whereby far the largest 
proportion of stone will be used, it is likely to be too low for locks and 
falls in the lower part of the canal, as water carriage will not be avail- 
able, unless it is intended to adopt the very slow process of finisliing off 
one lock at a time. 

24. Head Sluice , — Curved flanks, and returns, in rear, would seem 
to be wanted. 

25. The retaining wall of the head lock has a mean thickness of 
4 feet () inches to a height of 19 feet 0* inches ; hardly onc-fourth. For 
another lock, of which the design is given, an average thickness of 

feet is allowed for a height of 174 or 184 feet. The latter, I should 
sa} , is the more correct proportion of the two. 

26. Lodz and Weir , — The wall of the weir is, I think, too thin; 
the central sluices are made to extend to the base of the wall, that is 
to the level of the bed of the canal below the drop. This is surely a 
mistake. It would weaken the wall greatly, and there can be no object 
in making the sill of the sluices lower than the bed of the canal in the 
upper reach. It is suggested that the lock and weir channel may be 
brought closer together, and that the latter may be curved ofl* from 
the head of the lock. 

27. The Chief Engineer has altered the Executive Engineer’s 
designs of the aqueducts. He has added floors to all, and, in one case, 
has reduced spans of 50 feet to 30 feet. A thickness of arch of 3 feet 
at crown, as Captain Garnault proposed for a 50 feet arch, would be 
hardly sufficient to withstand a pressure of upwards of 500 lbs.' per 
square foot. The flanks of the aqueducts, where the masonry work is 
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joined on to the earthen embanlcments, are not secsrely arranged. The 
arrangements for the aqticdiicts on the Gunduck project seem superior. 
Additional masonry work is also required at the entrances of the culverts 
to prevent flood-water from getting behind the walls. 

28. Estimates for the Locks are not furnished. The cost is as- 
sumed at Rs. 3,000 per foot of lift inclusive of the attendant weirs, hut 
as the weirs will diminish in size from the head of the canal downwards, 

the expense of the two works together 

* Capfain Onrnfiult. at Uio end of Section -t 

vn.oi his Ki pori slates that the rale per Will Dot hc at all iiniiorm.'^ in any 

fool of lift has beon obtained from <*stimatea 

Nos ti & 10; but these cstimutes are for case, detailed estimates must be drawn 

tiquCLiacts. ^ 

out before the Goverment can feel satis- 
fied that the cost is accurately represented. One of the estimates, 
headed Falls and Lock at 12 m. 2 f. appears to be for a Fall and a Loek- 
kooper’s house. The amount is Rs. 13,358, of which Rs. 6,457 are for 
the house. Perhaps the latter may he intended to suit as an inspection 
.bungalow, but the amount is very large, and I can hardly believe that 
such an expense is contcruplated at each of the 20 Locks required for the 
hundred miles of canal. A sum of Rs. 1,00,000 has been allowed for 

bungalows for the Engineers and Su- 

Colonel Rundairs memo., para, 40. i j i *1 t 1 

bordinates while the works are under 
construction, hut it is not clear if this is for bungalows at the head 
works only, or for the whole project. 

29. At all events I would take the opportunity of observing that 

on a line of navigable canal, where officers and subordinates will have 
facilities for moving about by water, and may live in boats, the 

provision of chokies is not required to the same extent as on some of « 
the canals in the north of India, and as there must already be some 
inspection bungalows in connection with the Damoodah embankments, I 
question if any additional buildings of the kind are called for ; and of 
course the Lock-keeper^s houses should be mere huts. Temporary sheds 
may be required at the Locks and other large works to facilitate inspec- 
tion, while they are in progress, and they could probably be used for the 
shelter of the Lock establishments after the opening of the canal. 

30. As regards house accommodation for the officers and subor- 
dinates at the head works, I would recommend that only those should be 
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of a permanent character which are likely <o he used aft.T the works 
are fini$hei. The others should be mere sheds I think. 

31. In none of the estimates is there any provision for baling or 
pumping. The allowance of 5 per cent is not in practice found more 
than sufficient to cover ordinary contingencies : a much larger proportion 
will be required if spring water is encountered in the foundations of the 
Locks, aqueducts, or other masonry works. I cannot tell whether this is 
likely or not, as the spring level has not been shown on the sections. 

32. Nor is there any allowance for drainage cuts. A great portion 
of the canal is carried in heavy embankments, higher, it may be added, 
than is consistent with economy or safety, and the leakage through 
them would be injurious to the adjacent lands, unless eatch-water drains 
are carried continuously along the outer slopes, and tailed into the canal 
below the Locks, or into the culverts, which are provided at an average 
interval of about miles. Probably no great expense will have to he 
incurred on this item, as earth for the embankments will be i)artly 
obtained from cuts outside ; but there will be various breaks at tlie 
cuttings, and the ground being of a very irregular profile, iiufavorable 
for long lines of drain, it seems not unlikely that the number of cul- 
verts may have to be increased. 

33. With regard to Bridges, ten are provided in addition to those 
at the Locks, or in all 30, at aft average distance of miles. In the 
plans of the Locks the bridges are not shown, and those for the weirs 
give a roadway of 8 feet, which is not enough. The other bridges are 
not conveniently placed, for example, at 24 m., 4 f., 53 m., 84 m., 4 f., 
they are within a mile in each case from a Lock ; there being nothing 
ai^parenlly to prevent the Locks being placed opposite the roads at these 
points. In three of the reaches there is an interval of 8 miles without 
any bridge. It will be observed that Colonel Rundall proposes to use 
ferry boats if more crossings are required, and I conclude that if the 
Government of Bengal is satisfied with the allowance of bridges, the 
Government of India will not object to the arrangement. Boats would 
Lave to be provided out of the estimates. 

34. There is a serious omission iu Captain Garnault^s estimate for 
bridges. Nothing whatever is allowed for approaches, though the 
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roadways will be raised above the present level of tlfe ground to a height 
ranging from 16 to 28 feet, or to a height of 22 feet on average. 
This height will be reduced If Colonel Rundall carries out his proposal 
to reduce the canal embankments 5 but by the present arrangements at 
least Rs. 2,000 would have to be added to each estimate for the over- 
bridges, or Rs. 20,000 in all fur the ten allowed. 

35. On the whole, although considerable ability has 'been displayed, 
in the preparation of the designs for many of the works, 1 consider that 
the estimates will require careful revision before tlicy can be recom- 
mended for the final appioval of the Government of India. A com- 
parison should, I think, be made between 

Mcmo.p»ragrap»iz. of the line, as HOW dcsigTied, 

and one carried to Trcbenee Ghaut, as suggested by Colonel Randall. 

36. Escapes. — I agree with Colonel Strachoy that Escapes should 
be provided, and one especially at the C5tli mile. It is not easy to 
decide exactly what ought to be done in this respect. During a heavy 
fall of rain, when no canal water might Le required for irrigation, there 
is the choice of letting the full supply into the canal and j^nssfng ft out 
again by escapes, or if it is shut off partially the velocity being dirni- 
nislied both by the reduction of depth and by the reduction of fall 
required to maintain the navigation, silting would ensue. In the first 
case there is all the useless wear and tear of masonry falls, and in tlic 
other the expense and inconvenience of silt clearances. Butin any case 
escapes are necessary as safety valves, and the extent to which they 
should be used at ordinaiy times may be determined by ex[)crience. 

37. On the subject of Returns it may be said that all calculations 
with regard to them must be purely coiijeetural. There can be no doubt 
that if channel irrigation, combined with proper drainage, were substi- 
tuted for the system now in force, of irrigation from f)Ools and wells, a 
great saving of labor would be effected and the yield of tlie crops would 
be improved. I do not feel satisfied, however, that the Government of 
Bengal is right in assuming that the new channels are to introduce 
irrigation over the whole tract commanded by them in place of no-irri- 
gation, for the rice crops must already be raised by irrigation, and to 
compare the yield of irrigated and unirrigated crops, and to assume that 
the difference of value in favor of the former will hold good for the 
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whole area influenced^ by the channels is, I think, going too far. It 
seems to me that to introduce irriij^ation properly it will will first be 
necessary to get rid of the present Native system. In practice it will 
not be easy to distribute water to the rice fields, for they have at present 
a set of jheels or wells connected with them, and these arc so inextri- 
cably mixed up with bunds and small cuts from the drainage channels 
that to irrigate on at all a proper system it must be necessary to get rid 
of them first, otherwise we shall merely send down adJllional water to 
impede the J\jreat^y defective drainage of the country. 

38. Captain Garnault, in page 9 of his report, describes tho plan 
followed by the Natives, and it may be gathered from his roraarks that it 
is a common practice to throw bunds across the water-course, and lie 
attributes the unheal tbi ness of the districts around Calcutta to this 
cause. The surplus water from the lands irrigated by the new channels 
must find its way into the lowest ground. It will either be used there 
for lands already partly irrigated, or it may submerge lands which may 
liavc already as much water as they can dispose of. It will he very 
difficult to prove what particular water irrigates a field where there are two 
sources of supply, and of course when any water does find its way to lands 
already partly irrigated from wells or drainage courses, the people may 
say they do not want it. They will moreover oppose the removal of 
bunds or any interference with existing arrangements, and probably in a 
court of law they would carry their point on the ground of prescriptive 
right. 

39. From want of local knowledge I can only deal with this sub- 
ject ill the most superficial way, hut I think there is sufficient to show 
that in the low-lying lands in Bengal, where a heavy monsoon lays large 
tracts of country under water, where there is no proper outlet for it 
from the natural channels having been tampered with, and where irri- 
gation is now carried on on a system directly the reverse of what it is 
proposed to introduce, the latter system cannot come into operation with 
full cffuct until the old one is destroyed, until the drainages are opened 
out and improved and all accumulations of rain-water arc passed oil'. 

40. How far this can be accomplished without special legislation I 
am unable to say, but if the zemindar^s right to do as he pleases with 
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atiy water which passes through his land is uphelcC T should say that it 
would be very difficult to get a proper return from the improvements 
which Government may carry out. 

41. The case is very different from that of rice lands entirely 
dependent on channel irrigation, as it is in many parts of India, or of 
ryotwarry lands which may be practically re-assessed every year. Here 
we have a large extent of rice irrigation already. Suppose that in the 
Damoodah Districts 25 per cent of the whole cultivation are already 
irrigated, and that 25 per cent more irrigated by the new chantiels, is 
there no probability of the water used for the latter finding its way as 
surplus to the former, and of its turning partial into complete irrigation 
without there being any way for the Government to get any profit from 
it, unless it were to establish a compulsory water-rate ? I believe that, 
in practice, the surplus from the newly-irrigated fields would in times 
of heavy rainfall, by gravitating towards the lowest lands already 
swamped, simply do mischief, so that we might have zemindars taking 
the benefit of the water for nothing in one season, and for suing com- 
pensation for damages the next. 

42. I think it very desirable that information should be obtained of 
tlic progress that has been made in Cuttack in extending irrigation 

from the Irrigation Com- 

Irrigation Branch. No. 32, February 1869, pany^S Caiials. I haVC SCeU 

nothing on the subject ex- 
cept a report by Major Gulliver, written in November 1867. lie men- 
tions that the rains of the preceding season had been favorable, that the 
country was covered with u ma.>;uificent crop, and that while this could 
he obtained without irrigation, there was little hope that the cul- 
tivators, as a body, would use the canal water. Now, if the difference 
in amount and value of irrigated and unirrigated lands is as much as 
it is represented to be in the reports on the Damoodah Project, it would 
clearly he to the advantage of the cultivators to use and pay for the 
canal water. But if they insist on shutting their eyes to this advantage 
and go on in their own way, I do not see what right we have to expect 
a different result from any operations which may be carried out in 
other parts of Bengal, where the conditions of rainfall are not different 
to any great extent. I do net wish to say a word in depreciation of 

2 c 
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fcuch undertakings, and I have no doubt in my own mind that irrigation, 
if combined with an efficient system of drainage, could be used with 
great advantage. But it is the Bengal zemindar or cultivator who is 
the real judge in the matter, and if in Orissa they obstinately refuse to 
take water to any great extent from the canals it is difficult to believe 
1 hat they will act differently in Burdwan. I do not forget famines, or 
the necessity of doing all that is possible to prevent them ; but famine 
works are not necessarily to be placed on the same category as rc-pro- 
ductive works. The latter are to be carried out by the aid of a special 
loan, and as the interest on that money must be recovered by Govern- 
ment in one form or another, the primary condition laid down with 
regard to these works iS that they shall succeed in a financial point of 
view. 

43. The computed returns for the Damoodah project arc promis- 
ing enough,—* 





Rupees. 

200,000 acres 

rice at Rs. 1-8 ... 

... • 

... 3,00,000 

04,000 „ 

cold weather crops at Rs. 3 

.. 1,92,000 




4,92,000 

Navigation— 




200,000 tons of coal at Re. 1 ... 

... • 

.. 2,00,000 

100,000 „ 

stone, lime, &e., 

at Re. 1 

.. 1,00,000 

200,000 „ 

sundries 

... 

.. 1,00,000 




4,00,000 



Total 

.. 8,92,000 



Less charges . 

.. 2,46,000 



Net return 

.. 5,46,000 


or 10 per cent, on an outlay of 54 lakhs. 

44. The above sum would be required to render the works remune- 
rative if an expenditure of 50 lakhs were to yield no returns for a 
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period of between seven or eight years, supposing that 5 per cent, for 
interest and the same amount for maintenance were added, as the 

f 

capital would have doubled in that time. 

45. As above indicated, I look to the experience of the Orissa 
works as the truest guide to a knowledge of the probable results of the 
present' project. I do not mean to say that any want df success that has 
attended the works there up to the present time is likely to continue, 
blit if there is any clear prospect of improvement, there must be some 
cause to which it is to be attributed, or there may be causes at work to 
prevent any real improvement, and we have then to find out what 
they are, and whether any special measures can be adopted to 
remove them. 

46. I think that full information on these points will have to be 
obtained by the Government of India before it can afford to dispense 
with great caution in dealing with projects for irrigation canals in most 
parts of Bengal. 


From the Government of Bengal, to the Government of India, — 

(7th August 1869.) 

With reference to your letter No. 234/, dated 29th July, I am 
directed to ask whether the order tlierein conveyed 1o defer the prose- 
cution of the Damoodah Canal Works is intended to extend to the Head 
Works, the preliminary measures for commencing which ai’e being ])ro- 
ceeded with agreeably to the sanction conveyed in your previous letter 
]So. 97/. dated 22nd March 1869. 

2. The first stej^ necessary being to obtain the land required for 
the site of the Head Works, Quarries, and Tramway, a Deputy Collect- 
or has been engaged for some weeks on this duty. 

3. Permission having been obtaincjd from the proprietors to enter 
upon the Quarry lands previous to their actual acquisition, a Subordinate 
of experience and a gang of Qiiarrymen from Cuttack were engaged to 
commence the opening of the Laterite Quarries. 

4. The line of tramway from them to the river has been marked 
out, and the earthwork is in course of prosecution* A supply of sleepers 
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has been procured, gnd rails collected from the Burrakur Bridge and 
other works, where they are no longer required, bo that the tramway 
may be completed by the time the water has fallen sufficiently to admit 
of construction being proceeded with in the river bed. 

5. Plans and Estimates have been received and sanctioned for the 
necessary bungalows for the accommodation of the Executive Engineer, 
his Assistant, and Subordinates, and they have been commenced, as also 
the buildings required for the Workshops, an experienced Foreman for 
which has also been engaged. 

6. Indents for a supply of the most necessary tools for Carpenters 
and Smiths have been sanctioned, as also for a few of the machines 
absolutely required in the Shops and Quarries for the construction of 
stone waggons, erection of cranes, &c. ; and lastly, arrangements have 
been made for ihe supply of materials, such as timber, bamboos, poles^ 
lime-stone, &c., all of which are being gradually collected. 

7. As these measures are thus satisfactorily progressing, the Lieu- 
tenant-Governor, while fully prepared to give a careful attention to the 
various points noted in your letter, would respectfully deprecate the 
sU)ppage of the Head Works, for the commencement of which these 
])repiirations are being made, and he is further encouraged to advocate 
their prosecution by the permission which the Governor General in 
Council has given to ti e line of Canal being marked out, as he gathers 
therefrom that its genei al direction is approved, and that it is really the 
intention of the Government of India to pi oceed with its construction 
eventually. 

8. The Lieutenant-Governor is advised that, if all preliminary 
measures are stopped, the loss of another season will be involved before 
the Head Works themselves can be commenced, and, as he is assured 
by the Chief Engineer that their prosecution will not interfere with any 
of the suggested alterations in the Canal, or in the masonry structures 
ooniiectt d therewith, the Lieutenant-Governor feels less hesitation in 
asking that their commencement may not be delayed. 

0. With regard to the permission granted to mark out the Canal, 
the Lieutenant-Governor is informed that, until its dimensions have 
been finally decided, it will not be possible to define the width of land 
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necessary to be taken up, and consequently the declaration and other 
preliminaries necessary for its acquisition cannot he proceeded with. 

10. The Lieutenant-Governor observes that the Government of 
India, though requiring the Estimates to be revised and submitted lH 
greater detail, yet admits that the estimates, as they stand at present, 
probably give a fair first approximation to the cost of the works. He 
cannot but regret, therefore, that it has been thought necessary not only 
to withhold all sanction, but to stop the further prosecution of the works, 
for he is informed by the Chief Engineer that much might he done daring 
the present season along the line of canal itself, as well as at the Head 
Works, in the way of collecting materials and other preliminaiy pre- 
paration, and yet in no way interfere with the various alterations which, 

in the opinion of the Governor General in Council, are necessary, 

11. Pending the receipt of a reply to this letter, the Lieutenant- 
Governor trusts he will not be considered to contravene the orders of 
the Government of India in not immediately stopping the preliminary 
measures above described as in progress under the sanction previously 
conveyed. If it is the intention of the Government of India that they 
should he stc^ppcd, a communication to that effect by telegraph is 
refpiested. 

From the Government of India, to the Government of Bengal, — 
(N*o. 283/. dated Simla, 18th August 1869.) 

In reply to your letter No. 1572/. dated 7th August 1869 
regarding the Damoodah Canal Works, I am directed to state that the 
measures described as liaving already been taken by the Government 
of Bengal in the matter appear to the Governor General in Council 
to be such as were contemplated in the orders communicated in Public 
Works Department's letter No. 97/. of 22nd March last. The esti- 
mates for Bungalows, Workshops, or any other works which have been 
received by the Government of Bengal should be submitted for sanction 
at once, and the actual prosecution of the Head Works should not be 
commenced before the designs and estimates are approved by Ilis 
Excellency in Cguncil. 



{ 206 ) 

2, With reference to tlie remarks made in paragraph 10 of your 
letter, I am to state that the Governor General in Council desires that 

^ f 

the operations along the line of canal itself may be limited to the collec- 
tion of materials for the aqueducts near the head, as the positions of the 
Locks and other works cannot properly he settled until the revised designs 
are received. Orders have recently been received from the Secretary 
of State to the effect ^^that no Irrigation Works to be met by loan are 
to be undertaken without detailed plans and estimates previously sanc- 
tioned’^ by Her Majesty^s Government, and the Government of India 
has no further option in the matter, even if it was disposed to modify 
its previous orders, which, however, there appears to be no reason fur 
doing. 

3. The Governor General in Council has every hope that the 
ro))lies to the questions put in Public Works Department’s letter No. 
231/. of 29th tiltimo will be of so satisfactory a cliaractcr as will enable * 
the Government of India to obtain the authority of the Secretary of 
State for the commencement of the work at an early dale. 


Prom the Government of Bengal, to the Government of India,, — 

(2 7 til August 1869.) 

With reference to your latter No. 231/. dated 20th July, con- 
vcying the opinion of II is Excellency the Governor General in Council 
regarding the Damoodah Canal Pr<«ject " that sanction for the further 
^^prosecution of the works must be withheld until more full and satis- 
factory iiifurmutiun than has yet been furnished on various important 
points is placed before the Government of India,"" I am directed to 
express the Lieutenant-Governor’s regret that the estimates should 
have been found wanting in completeness so as to render it necessary 
for the actual prosecution of the works to be deferred until they can 
be revised. 

2. Pending, however, such revision, there are other points in 
your letter to which a reply may be intermediately given, and I am 
desired by the Lieutenant-Governor to offer the following remark^ on 
those points in the respective order in which they occur. 
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3. Passing over fhe omission of professionaWetails in the designs 
and estimates, for the absence of which he believes a satirfactory ex- 
planation is afforded in the accompanying Note by the Chief Engineer, 
the Lieutenant-Governor observes that one of the reasons which ren^ 
der a revision of the estimates necessary is a desire on the part of the 
Government of India to enlarge the dimensions of the canal so as to 
enable it to carry double the volume of water originally proposed, 

4. Though such an enlargement will necessitate an entire re- 
drafting of the plans of tho masonry works, the Lieutenant-Governor 
is encouraged by it to hope that the eventual sanction of the under- 
taking will- not be withheld, notwithstanding the bearing of the remarks 
contained in paragraphs 14 to 19 of your letter. The points adverted 
to in these paragraphs will be referred to again, and meanwhile the ne- 
cessary orders will be issued for the preparation of revised plans ; but 
tlie Lieutenant-Governor would be glad to learn that the suggestions 
of the Chief Engineer as to the mode in which the increased supply of 
water as well as of increased Lock accommodation for the traffic should 
be given meet with the approval of the Government of India. 

5. As regards the question of Reservoirs, the Lieutenant-Gover- 
nor trusts that all further consideration of the Canal Project will not 
be postponed pending the submission of the information now called for 
in connection with those works, though the Lieutenant-Governor hopes 
to be able to submit with the revised estimate for the canal certain 
plans and estimates for Reservoirs which are now under consideration, 

6. The suggestions of the Officiating Ins])Cctor-General, with . 
reference to the arrangement for combined irrigation and navigation, 
recommended to the Lieutenant-Governor’s attention, shall receive full 
consideration during the revision of the plans. 

7. With reference to the best site for the terminus of the canal, the 
Lieutenant-Governor is quite ready to adopt the proposal of connecting 
the canal at first with the Hooghly at Trlbenee Ghaut, but he is disposed 
to agree in the view of the Chief Engineer that the canal should even- 
tually be extended to Calcutta. The selection of Serampore, or rather 
of Biddabatty, as the first terminus, arose from its being the present 
dep6t at which the principal part of the coal carried by the Railway 
is stored. 
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8. The Lieutenftnl-Governor has carefully considered the remarks 
of His Excellency in Council respecting the proposed rates of toll, and 
he is disposed to think that, under the circumstances of this canal, 
and for the reasons set forth in the Chief Engineer’s memorandum, they 
are not too high, though, if it be still considered desirable, an excep- 
tional rate in favor of coal might he added, 

9. The relative advantages of canal to Railway for mineral 
traffic, as well as the eventual use of steam-power on the canals, have 
been discussed at length by tlie Chief Enjjineer, whose arguments 
appear to the Lieutenant-Governor to contain much force. 

10. The following paragraphs of your letter Nos. 13 to 19 
have caused the Lieutenant-Governor some uneasiness ; for, taken in 
Connexion with the opinions advanced by the Officiating Inspector 
General, to whose Note special attention is invited, they a 2 )pear to 
imply a hesitation regarding the desirability of undertaking not only 
the project under discussion, but Irrigation Works generally in Bengal. 

11. The Lieutenant-Governor is quite alive to the importance of 
the several questions discussed in your letter ; but, allowing the fullest 
weight to them, he is unable, in the light of the sad events which have 
occurred in these provinces during the last few years, to arrive at any 
other conclusion than that the works which have been projected are 
essentially necessary for the protection of the inhabitants of those tracts 
which they will benefit. It is impossible that the Lieutenant-Governor 
should not feel strongly on this point ; for, again in the present year, 
severe distress, not stopping very far short of famine, has prevailed, and 
is still prevailing, in several districts under this Government ; and, 
indeed, at no time since he assumed charge of the Government has there 
been complete freedom from anxiety as to the condition of the people in 
some part or another of these provinces, owing to the failure or partial 
failure of crops from want of water, and consequent high prices of food. 

12. The Lieutenant-Governor is not unmindful of the fact that it 
must be a work of time before the existing habits and prejudices of a 
people can be overcome and changed ,* but he is unable to see that the 
people of Bengal are more bigoted in this respect than those of other 
provinces. Indeed, as far as contact with European resources and 
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civilization can effect a change, he helieves that the people Bengal 
shew a belter appreciation of these than most parts of India, and that in 
the particular case of husbandly they will not ])c slower than their neigh- 
bours to avail themselves of improvements which they arc quite capable 
of judging will be to their advantage. 

13. Whether it will be absolutely necessary to resort to such 
special legislation as is alluded to in paragraphs 16 and 17 of your letter 
is a question , on which the Lieutenant-Governor is not prepared at. 
present to express an opinion ; but as regards the particular subject of 
defective drainage, the Government of India is probably aware that it 
has already engaged the att ention of the Lieutenant-Governor as a sani- 
tary measure ; and it may be hoped that it is not likely to prove an 
obstacle in the way of irrigation, which will, on the contrary, become 
still more necessary in proportion as drainage schemes arc carried out. 
As suggested, however, in paragraph 15 of your letter, the opinions of 
the District OfRccrs shall be obtained on tliis subject, thougli it will bo 
observed that the question of irrigation has been already referred to 
them in connection with the category of queries which the Govornmeut 
of India desired should be ]>iit to District Officers in connection with all 
new projects of irrigation, and that their answers have been given in 
Captain Garnault^s report. 


Mcmoramlnm If/ Chief EfKjmeey, Benf/nl, Irrif/aliou De/hfHufeii/, on ihe 
letter doted 29M Jffl/j 1869 from the Cover ameut of Judia and on the 
Note hij the Oflciatiuf/ Inspector ^Uenend of LrriyoLlon^ — ('20/^ 
Angitsi 1SG9.) 

This letter conveys the opinion of the Governor General in 
Council that sanction for the further prosecution of the works must bo 
withheld until more full aud satisfactory informatiou than has as yet been 
furnished on various important j)oints is placed before the Government of 
India.^^ This opinion, it is stated, is formed after a careful consideration 
of the reports and correspondence on the project, and of the rcmarlis 
conveyed in the Note by the Officiating Inspector-General of Irrigation. 

The objections which arc raised both in the letter of the Govern- 
ment of India and in the Iiispcctor-GencraPs Note are of two kinds, — 
one refers to professional details, the other to general principles* 

2 1 .) 
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The first will ho consi<lcrc(l hereafter in a separate Notc^ when the 
niviscfl estimates now called for are submitted. The second may be fitly 
replied to at once. I will therefore notice the several points, com- 
mencing* with those contained in the letter. 

The first objeetion is urged in general terms as a want of complete- 
ness in the estimates, but as only two items of the estimate are specified 
as incomplete, I infer that the rest of the estimate is not consider,ed 
open to the same objection. The first item consists in not having fur- 
nished separate and specific designs for each Lock and weir on the canal ; 
and the second in not having accurately ascertained the cost of the 
minor channels for the distribution of the water for irrigation. 

As regards the first, it certainly did not occur to me that separate 
designs for each of such works as Locks and weirs would be expected, as 
all these works arc essentially of the same character, and a standard 
plan designed for the mean lift, or level between the iipper and lower 
water, will afford an approximate idea (where the main dimensions of 
length and width remain the same) of the contents of the structure per 
foot of lift, while the mean cost is arrived at by allowing the average 
rates allowed for tlic whole line. A standard design, shewing the main 
essential dimensions of length and width, having been submitted for the 
approval of the Government of India, I was under the impression that 
the local Government would be deemed sufficiently competent to judge 
of the design for each specific locality. 

I am not quite sure what is meant by the following remark in 
Colonel Strachey^s letter, — that the fall according to the arrangement 
now proj)oscd would so far as can be understood in some cases be incon- 
veniently great but conclude, it alludes to the differences of level of 
15, 18, and 20 feet proposed to be overcome in these localities. I am 
not aware myself of any inconvenience attending such an arrangement, 
which is usually resorted to wherever a sudden alteration of level in the 
ground occurs ; and, indeed, it is considered rather a convenience than 
otherwise to be able to place Locks in flights^ as thereby longer reaches 
of canal arc obtained. Examples of this arrangement will be found in 
the canals on the Godavery. Orders will now be issued in conformity 
with the instructions of the Government of India for the preparation of 
separate designs. 
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The second objection is expressed as follows Thoarjaiigoments 
for the distribution of the water and the traets of laud whieh are to be 
irrigated arc only very faintly sketched out, and the cost has not been at 
all accurately ascertained/^ In reply to this, I would beg to point out 
that the tracts to be irrigated 1)y any system of canals in delta countries 
is arbitrarily defined and limited by the configuration of the ground. 
The main undulations are clearly discernible on any accurate map, such 
as the Trigonometrical Atlas Sheets, by the direction of the drainage 
channels. 


When then a main line of canal is taken along the water-shed, as 
in the case of the Damoodah Canal, the respective tracts that can be 
irrigated and the direction of the main distribution channels are so 
clearly defined as to be unmistakeable to any Engineer of practical 
experience in this matter. The cross levels with which the area in 
question has been intersected likewise show to what extent such of thv 
tracts is sub-divided by minor drainages, as well as the general slope ol" 
the country in the direction of, and transverse to, the intended line of 
irrigating channel; and if the tract proves to be similar in character 
with other neighbouring localities where the distribution of water in 
detail has already been properly carried out, and where the rates for 
earth-work are similar, it is obvious that the expense of that distri- 
bution cannot greatly vary. With the experience of what the actual 
cost of distribution works in Orissa has been, both at Cuttack and at 
Midnaporc, which is the neighbouring district to Burdvvan, it is quite 
possible to judge that the expenses of distribution under the Damoodah 
Canal would be somewhat similar. 

What that expense is will be gathered from the facts that at 
Cuttack 11 Distributaries measuring 116 miles have been completed for 
the Kendraparra Canal as far as the earth-work, head sluices, and 
other masonry works are concerned. From these channels 80,000 acres 
can be irrigated. The expenditure has been Rupees 1,11,976, thus 
making the cost Rupees 990 per mile, or 1*43 Rupees per acre. At Mid- 
napore, Distributaries measuring 61 miles and commanding 45,000 acres 
have been made at a cost of Rupees 67,858, thus giving a rate of 1,112 
Rupees per mile, or Rupcos 1*5 per acre. Some further expeiuliture will be 
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requiretl ui email distribution pipes to tlie respective field chan- 

nels, the cosft of which, however, will be but trifling. Further, in practice, 
it is found that a mile of Distributary may be roughly assumed as required 
lor every square mile of area to be irrigated, but more accurately from 
G50 to 750 acres. The cost per mile will vary according to the decli- 
vity of the country from 1,000 to 1,200 Rupees per mile, thus giving 
an average rate of about 1*5 lliipccs per acre. Thus it will bo seen that 
the estimate of Rupees 2 per acre has not been fixed without gornl 
reason, and that the best test of accuracy, that of actual cost under 
similar circumstances, has been made the ground-work of the estimate. 
The submission of so minor a detail as that of the Distributaries, for the 
U])]>roval of the Government of India, I certainly did not suppose could 
b(^ eontem plated, much less that it would he thought neeess;iry tliat all 
the Dist ril)nlai*y channels should be previously surveyed in detail, 
AVhon lh(‘ laud to be commanded is, as stated above, plainly marked 
out and limited by the drainage lines, and the cost appi'oximately 
known from previous experience, the detailed surveys, which would in 
every case be submitted to the local Government for approval, are best 
made when the main canal is in course of construction. With refer- 
(uiee to the remark iliai the precise alignment of the subsidiary chan- 
nels does Jiot appear to have been considered or determined on,^^ the 
explanation given above will show that the selection of a lino for a 
main Distributary is not a mutter of choice, but is arbitrarily deter- 
mined by the levels of the ground, and these levels have, as already 
stated, l)(?on taken. 

The next point adverted to in Colonel Straeliey^s letter is the 
capacity for which the works are to be designed. The simplest and, in 
my own opinion, the right way in which provision should be made for 
passing a double supply of water down the canal, should such he even- 
tually determined on, is not to enlarge the existing weir, but to build 
a second weir of the requisite size on the opposite side of the Lock. So 
also to provide for increased tralfic, it will be better to build an addi- 
tional Lock rather than enlarge the present design, finty because the 
size is sufficient to accommodate the traffic at the outset ; and, secondly y 
because the extra expense is not incurred until there is a certainty of its 
being remunerative. If necessary for the accommodation of steamers, 
the second Lock can be made 150 feet in length, though I think vessels 
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90 feet long by 15 feet beam will carry engines qt sufficient power for 
the traction of cargo boats at a moderate speed. The superior c<)nvenience 
of this arrangement is, that in the event of an accident happening 
to either weir or Lock the whole supply in the canal need not ho stop- 
j>ed, as the duplicate works will of course be available. To increase the 
supply in the canal itself by increasing the depth only will involve 
change in the dimensions of the aqueducts^ culverts, and height of Loclc^ 
walls and gates, but it is a question for consideration whether the 
works slionld now be charged with this additional capital outlay. 

It does not seem quite clear whether tho present project is to be 
kept in abeyance until the information for Reservoirs now called for can 
be completely furnished. Taking the views expressed in paragraphs 5, 
0, and 7 of Colonel Dickens’s letter No. 182/. dated 31st July 1868, in 
connexion with the information now called for, I conclude the inten- 
tion of the Government of India is not to postpone the consideration of 
the Canal Project till that of the Reservoirs is settled, but simply that 
it is desirable that the informatiou regarding the latter should be sup- 
plied shortly, in order to allow of a final decision being arrived at re- 
garding their proving useful and profitable adjuncts to the work or 
otherwise. The re-consideration of the proposed arrangements for com- 
bined Irrigation and Navigation as well as of the suggestion of tho 
Inspector-General on this point will receive attention, and be discussed 
in another memorandum, together with all the other professional objections 
which have been urged. 

As regards the terminus on the Ilooghly there is no objection to 
making one at Tribenee Ghaut ; indeed, I suggested the advisability of 
making the connection with the Hooghly there first, but I am still of 
opinion that the canal should be brought to Calcutta, It is quite true 
that boats will always have the advantage of the tide from Tribenee, 
though, during the period of the freshes, or for about four months of 
the year, the flood tide is of very little help. Having to wait for the 
tide, moreover, involves a certain amount of delay, which would be 
avoided were the canal to be available at Calcutta itself. The selection 
of Seramporc or rather Biddabatty was mainly on account of its being 
the principal depot where the coal is at present stored, and therefore 
a fitting place for a temporary terminus. The selection of Tribenee for 
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the convenience of <Jie Eastern Bengal Railway will, however, as far as 

( the present consumption of 

OHrf<«X867. jjojjig concerned, be consult- 

small portion of the whole coal 

GnveriJoientstemnra^imd Dookii"!!";;^^^^ iilooo traffic. From the memorandum 

Factories on shore 93,600 • j i i • i 

marginally noted, which was 

492,600 r> j ^ 

nrick-bumers’ rubble coal 4,000 alluded to in paragraph 49 of 

my former Note, it will be seen 
that the coal consumed by the 
Eastern Bengal Railway was only 34,000 tons out of a total 
consumption in the year 1867 of 496,500 tons. If then the relative 
consumption by different parties is to be the criterion of the location of 
the terminus, Calcutta and not Tribenee should manifestly be the place. 
However, as the quickest way of effecting a junction with the Hooglily,. 
and for the convenience of such coal as will be transported up the Ganges, 
the line to Tribenee should be made As pointed out by me in my 

previous Note, the actual saving in expense will be only the cost of the 
earth-work and bridges, and probably amount to not more than one lac 
of Rupees, exclusive of the cost of land, which may be Rupees 50,000 
more. In view of the branch to Tribenee being made first, the survey 
of it has been completed and the plans are ready. 


As regards the proposed toll of one Rupee per ton, I do not myself 
think that it is too high when the great concomitant advantages of 
being able to deposit the coal at the precise spot or vessel for whieli it 
is wanted, without the expense and loss of breaking bulk, is taken into 
consideration. It is not merely a question of the cost of haulage, or of 
the differential rates between rail, river, and canal that has to be 
considered in fixing the toll. The canal by connecting the collieries with 
the Hooghly gives them the advantage of access to the whole river 
system of Bengal. The traffic will not be confined to coal moreover, 
though for that matter, if it be thought advisable, a special rate might 
be charged for coal. Another circumstance which should also regulate 
the amount of toll is the length of line to be traversed. When the 
distance which any material has to be conveyed is s/iort^ such material 
can afford to pay a higher toll^ than when it is long; for the cost of 
cariiagc in the latter case bears a much larger proportion to the intrinsic 
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value of’ the article carried. Hence the charges mack) by vessels for cargo 
taken long distances are always proportionately less than tljose which 
are levied for short distances. A toll of one rupee per ton per 100 miles 
would bear heavily for goods transported from Benares to Calcutta, and 
might, when added to the charge for transport, be almost prohibitory, as 
it would add five Rupees to the cost of an article whose intrinsic value 
in the Calcutta market might not be more than 10 Rupees per ton, 
while the same toll on the same article transported from Raneegunge 
would add only one Rupee to that value. I would therefore recommend 
that the higher rate be levied at the outset, for it will be much easier 
to lower it than to raise it hereafter. 

I do not quite understand in what way the facilities of sending 
coal to the Hooghly by the River Damoodah has been understated, as 
the actual cost which the Coal Companies arc in the hal)it of paying 
for coal transported by that route was given in Captain Garnault^s 
Report. 

In comparing the relative advantages of carriage by rail and 
canal, I did not lose sight of that possessed by the former in being able 
to transport the coal from the pit^s mouth ; whereas trans-shipment 
will, at present at all events, be necessary for tliat which will be sent 
by canal, though, if proper arrangements be made, it should eventually 
be discharged from the waggons at once into the boats ; but I consider 
that that advantage is more than counter-balanced by the ability which 
the canal secures to deliver the coal at any spot, or on board any ves- 
sel in the river without breaking bulk ; whereas, by the Railway, it 
must be unladen at the terminus, where, under present arrangements^ 
it has to be handled afterwards, at least twice before it reaches the 
place or vessel where it is wanted. That water-carrige can be taken 
very near to the pit^s mouth however, as well as the rail, will have been 
evident to any one who has visited the ^^Black Country’^ in England, 
where, if I remember rightly, the system of small branch canals, some 
of them on high levels, is carried to a great extent. 

My assertion regarding the incapability of the Railway to carry 
the coal traffic was with special reference to the demand made upon it by 
the general traffic of the country. I made that assertion not inadver- 
tently, buft advisedly ; first, because I spoke of the Railway as isj and 
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not as it might be, a*nd also of what I had been given to understand 
had been the experience of the Coal Companies during .the previous 
year ; and secondly, because though the carrying powers of a double 
line, with a sufficient number of sidings, good management, and, it 
should have been added, sufficient rolling-stock, may be nearly unlimit- 
ed,” theoretically, yet it is practically very far from being so ; for on 
lines where there is large passenger traffic, the slow goods traffic must 
and does give way, and there is consequently a very decided limit to 
such traffic. One of the many items included in the term good 
managements^ and absolutely necessary before any intricate system of 
sidings and crossings can be introduced is the training of efficient and 
reliable pointsmen, an important class of persons, whom I think it will 
be admitted it will be difficult to secure in this country, at least for a 
long time to come. 

With respect to the question of whether steam-power will eventu- 
ally be used or not on this canal, I would submit that though it may as 
yet be a matter of surmise and depend on many questions now unsettled, 
yet tliat present doubts ought not to influence the projection of this 
canal and similar works so as to make it impossible for a steam-power 
ever to be used on them hereafter. The rapid strides which India has 
made in the application of steam of late years make its use on canals 
before long a matter of certainty, and therefore, rather than contract 
the width of the navigation canals, as both Colonels Strachey and 
Anderson seem to think should be done, I am most strongly of opinion 
that every possible care should be taken to admit of their being made 
hereafter more capacious than I even contemplated, unless wc arc in- 
different to the reproach of short-sightedness from those who come after 
us, and of having prevented them from reaping the full benefit which a 
judicious application of steam-power confers. 

If it be determined, as Colonel Anderson states he has recommend- 
ed, to reduce the width of the canals in the G unduck Scheme to 55 
feet on the surface, and sufficient provision be not made at the same 
time for their being widened hereafter, I am perfectly certain that it 
will prove to be a very grave mistake, for there is no comparison be- 
tween the relative importance of a single line like the Dainoodali Canal, 
and of a sydem of canals like those of the G unduck, wdiich will bo 
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ultimately connected with not only the entire river^ystem of Bengal and 
the North-Western Provinces, but also with the canals now iti progress 
throughout this part of India. If, however, it be merely intended that 
a width of 55 feet will suffice for the present, and that the further en- 
largement of the canals shall be progressive, I fully agree in the princi- 
ple which entirely accords with my own views. In estimating for the 
project, however, it was necessary to make provision for the ultimate 
dimensions of the canals in the Gunduck Scheme. 

The fact is that up to this time no real attempts liave ever been 
made in India to introduce or organize a regular system of Canal Navi- 
gation. Beyond the efforts which have been made in the Deltas of the 
Kistna and Godavery nothing has been accomplished except in isolated 
localities, and now that attention has been awakened to the subject, it 
is of the highest importance that whatever is done in the way of Navi- 
gable Canals should be so done as to work in with all the existing river 
systems, and in Bengal especially, to afford every possible opening to 
the extension of that wonderful traffic which its rivers already convey. 
But if we adhere to past precedents, instead of profiting by the lessons 
which they have taught us, and instead of adapting our canals to the 
use of steam, purposely shut them out therefrom at the present time, 
it seems almost certain that, what with the progu’css of the country 
and the diminishing value of money, it will every year become both 
more difficult and more costly to procure the land that will be requisite 
for widening the canals, and an insurmountable obstacle will be creat- 
ed to any improvements being effected hereafter. 

The Despatches which have lately been published dwell on the 
policy of using every means, and turning to account every improvement, 
by which the State Railways may be made to prove remunerative un- 
dertakings. Surely the same policy is not less applicable to the State 
Water-ways which carry so much larger a proportion of the traffic of 
the country. 

With respect to the sufficiency of the supply for the estimated 
area of rice crops, I must in this instance beg leave to retain my 
previous opinion. If anything that supply errs on the side of excess. 
With regard to the rubbcc crops, I am quite open to correction, as 
my experience docs not extend to such crops as wheat, indigo, and so 

2 r: 
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fortli. With refcrci^Cj however, to the question of returns, and to the 
points raisijd in the Officiating Inspcctor-GeneraPs Note, to which 
especial attention is drawn, I do feci qualified to give an opinion, and 
trust that what I have to advance on the subject will be accepted, as 
written not in the mere spirit of controversy, but with the desire to 
shew that the hesitation which is manifested in the statements made 
in the papers now under discussion is based not on any points hitherto 
unknown and newly brought to light, but that similar obstacles have 
presented themselves on the submission of almost every new project 
of any magnitude, and that difficulties which seemed insuperable at 
the outset have in time gradually melted away. 


I would begin by observing that I am not aware of the calculations 
in Ihc present instance being conjectural^ any more than in other 
projects of a similar character elsewhere. In the Deltas of the Goda- 
very and the Kistna, the subject of returns was just as conjectural 
from the same point of view, and in the projects of the North-Western 
Provinces it docs not seem to have been any less so. In the Madras 
Deltas there existed irrigation from tanks and wells to a larger extent 
than in the tract of country now under discussion, and at the outset 
there was similar hesitation on the part of the cultivators to abandon 
the system of cultivation which had been handed down to them from 
generations, and similar mistrust evidenced as to the certainty and 
superiority of canal water. It was a long time before the sugar-cane 
cultivators gave up raising water from wells 20 to 30 feet deep, while 
the possessors of land under the village tank were considered more 
fortunate than those who were obliged to irrigate from the canal direct. 
In the North-Western Provinces the tenacity with which well-culti- 
vation is held to has been often dwelt upon. Adherence to ancient 
custom and prejudice therefore is not very different in Bengal from 
what it is in Madras and in the North-Western Provinces, and I 
cannot see why the following argument should not rather have 
been used than that which has been adopted. If ancient systems 
of agriculture have been gradually abandoned elsewhere, what rea- 
son is there for supposing that they will be more obstinately adhered 
to in Bengal Until a proper system of irrigation was intro- 
duced into the southern Deltas, the rice fields there also were connected 
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with jhecls and wells, and bunds and small# cuts from drainage 
channels were the means of irrigation in vogue, so rnueh so, that, 
while the main canals of the Godavcry were in course of construc- 
tion, temporary measures were adopted for throwing water into these 
very drainages, in order that the irrigation from them might not only 
not be stopped but might be extended. The facts mentioned in para- 
graph 38 of the Officiating Inspector-GeneraVs Report are not con- 
fined to Bengal, and the opposition that may possibly be made to in- 
terference with prescriptive rights^^ cannot be more strongly com- 
bated than it is in Madras, where the mamooP^ or custom^^ gene- 
rally regulates the decision in water disputes. The Bengalee Zemindar 
is doubtless more litigious and better acquainted with what the law 
can do for him ; whereas a Madras ryot resorts to the cudgel sooner 
than the Court to settle a disputed point. There is not much differ- 
ence, if any, between the low-lying lands in Bengal and those of any 
other Delta. All require equal attention to tlio improvement of the 
drainage channels, and, in the present instance, the drainage of the 
Hooghly and other districts in the neighbourhood of Calcutta is occu - 
pying especial attention from the Government as a distinct moasuro, 
quite independent of whether irrigation be supplied or not. There 
need be no ground, therefore, for the fear expressed in the Inspector 
GeneraFs Note of the canals only sending down additional water to 
impede the already defective drainage of the country, for it seems 
probable that the drainage will be attended to before the irrigation 
channels can be finished. 

With respect, however, to the question of whether the cultivators 
will adopt a better system of liusbandry, or, in other words, prefer 
a regular to an irregular system of irrigation, the little experience 
already gained is to the effect that they will do so. The first lands 
irrigated from the Midnapore Canal were some of the low-lying tract 
along the lower part of the River Cossye, south of the Trunk Road 
from the Hooghly to Midnapore. The cultivators of between 3 and 
4,000 acres applied to the Executive Engineer for a Distributary for 
the express purpose of substituting river water for the rain water on 
which they had hitherto been dependent, and added further that, if 
the lands of their villages hitherto swamped by the rain could be 
drained^ and river water supplied instead, they would sign leases to, 
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I think, an exteiitvof 10,000 acres. The progress of irrigation in 
Orissa has# been small, not because the cultivators will not use the 
water, for they will help themselves to it surreptitiously whenever they 
can, but simply because they object to pay for the privilege, and it 
was a mere question of time as to who shall yield, the cultivators or 
the Company. The remarks made by Major Gulliver, and quoted by 
Colonel Anderson, would have been equally applicable to the Goda- 
very or Kistna District in a year .of favourable rains/^ when to all 
appearance magnificent crops^^ might have been seen covering large 
tracts of country, but no one will assert now that the cultivators in 
those districts, who also at first insisted on shutting their eyc» to 
the advantages'^ of Canal irrigation, have not grown wiser in their 
generation. If Major Gulliver had passed throngli Orissa in Septem- 
ber 1S05 he would have seen similar crops which a fortnight after- 
wards i)erishcd from drought even after 60 inches of rain had been 
iH'gistercd up to that time. 

1 do not quite understand the distinction which Ci)lonel Ander- 
son seems to draw between famine works and ro-productive works. 
1 liad always supposed hitherto that the question of tlic necessity of 
providing Irrigation Works in Bengal had been finally settled by the 
experiences of 1865 and 180G, and that the policy which dictated 
their construction rested not so much on tlieir immediate direct rc- 
]»r()diictiveiicss as on the fact that the country could not afford to 
Ix'ar such drains on its resources and such disturbance of its finances 
as the late famine had caused. The Financial Member of Council 
who introduced the policy and provided for the first irrigation loan 
stated publicly, when delivering his Budget speech, words to that 
effect, adding that he was content to leave it to his unborn suc- 
cessor"^ to reap tlic profits said to result from Irrigation Works, but 
that meanwhile the necessity of guarding the country against a re- 
currence of recent calamities must be provided for. 

The points now adverted to are very similar to those which were 
called forth ten years ago, when the proposals of the Irrigation Com- 
pany were first laid before Government. If they are now to be re- 
vived, and Irrigation Works in Bengal are to be suspended until they 
ar(‘ again settled, 1 fear we shall be launched into a region of discus- 
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sion wliich it will take another decade to decide. #The 
Jering the Kivere Soee .nd Gundeek .nd ^ 

and South Beharh.™ agai. thi. 

scarcity, which, »w.tding to the reports of the Cirtf Bet^^ . 
nothing But timely relief meaanres could hnve pmenW from 
coming positive famine, while it must not also be forgotten Ihst on 

iuterval of only three years has elapsed since the last was cxperienccue 
It-seems certain that considerable loss of revenue will result from 
the extensive tracts affected by the scarcity of the present year. Can 
then works calculated to save the State such loss in future^ and its 
consequent Imrden of interest on the revenues^ bo considered in any 
other liglit than as re-prodnetive j andj if sOj should tboir construction 
be yet matter for hesitation ? 


Looking at the question from even a purely financial aspect, and 
apart from the experience of what various provinces of Bengal have 
passed through in previous years, and what some have suffered during 
the present year, I trust I may not be consided transgressing the bounds 
of respect by expressing my own conviction, with reference to the need 
for caution enjoined in the concluding paragraphs of Colonel Anderson^s 
Note, that, if oiio lesson of caution has been tauglit us rather than 
another, it is not to defer execution of the only works wliich can preservo 
the country from a recuiTciicc of those visitations which paralyze the 
main sinews of its strength in periodically destroying its agricultural 
resources and wealth. 


From the Government of Bengal, to the Superintendent of Works, 
Damoodah Circle, — (1st September 1809.) 

Referring to the correspondence as per margin, copy herewith 
forwarded, relative to the canal from 
Raneegunge to the Hooghly, I am directed 
ky the Lieutenant-Governor to transmit, 
for your information and guidance, the 
accompanying Memorandum of Instructions by the Chief Engineer for 
Irrigation, iogether with the original plans and estimates. 
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MEMORANDUM. 

The Government of India having returned the plans and estimates 
for the Damoodah Canal for revision, the attention of the Superinten- 
dent of the Damoodah Irrigation Works is called to the following 
points ; — 

— It is proposed to increase the capacity of the canal so as to 
enable it to carry 3,000 instead of 1,500 cubic feet per second, and 
this is to be effected by increasing the depth and not the width. 

. As, however, such increase is only to take place hereafter and not 
immediately, no alteration in the height of the banks need be pro- 
vided for now; but it will be necessary to revise the designs for all 
the masonry works, so as to admit of the increased depth of 3 feet 
being given when required. 

For this purpose all the side walls of the aqueducts must be 
strengthened so as to bear the increased pressure arising from an addi- 
tional dejoth of 3 feet. The arches of the aqueducts will also have 
to be increased in thickness, as well as those of the culverts. Careful 
calculations should be made for each span of arch to bear a weight of 
10 feet of water. 

The thickness of the chamber walls of the Locks will likewise 
have to be increased proportionately to the increase of height, while 
the gates will have to be designed and the quoins to be built for the 
ultimate height at once. The weirs will have to be altered similarly, 
or rather the thickness of the front retaining wall and wings, and the 
width of the cut-stone apron, must be designed for the ultimate height 
of over-fall. The increased height can be given to the front wall at 
any time, so that it will not be necessary to make any change in the 
length of the weir on this account. 

In order to discharge the additional volume of water, it will be 
preferable to build a second weir instead of increasing the dimensions 
of the existing one, and so with regard to providing increased accom- 
modation for the traffic, a double set of Locks will be more useful than 
enlarging the size of the single Lock as designed from 100 to 150 feet. 
As, however, the Government of India has recommended a Lock of 
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the latter dimension, a plan and estimate should bj made for a s^ci- 
men Lock of that size, with a view to compariDg the relative cozt 
the two designs, in case it may be considered desirable by the Govern- 
ment of India to adhere to the larger size. 


The bridges, however, must be designed so as to preserve the full 
headway ultimately required, and this will involve the raising of the 
a 2 )proaches. 


With regard to the canal itself, the special attention of the Su- 
perintendent is directed to the suggestions made in paragraphs 5 and 
G of the Officiating Inspcctor-Generars Note, and he is directed . to 
prepare a revised section on the principle therein laid down of preserv- 
ing the fall uniform and reducing the width of the canal, with a view 
to maintain a uniform velocity. The Inspector-GeneraFs recommenda- 
tion is devised on the grounds that there is such abundance of land 
commanded by the canal that, instead of distributing the supply at a 
higher point, it will be better to carry a larger portion to a lower 
point, i. e., to the G5th mile, and irrigate a larger quantity of land 
below that point than was originally intended. But there is one im- 
portant point to be considered with reference to this subject, and that 
is — where is the water likely to prove most useful, and to be soonest 
taken ? 


On this point the Superintendent should institute careful enqui- 
ries, and ascertain locally, as far as possible, the want of the tract of 
country in question in respect of irrigation water. 

With reference to the surface width, the sections must be so pre- 
pared as to allow of a berm being left, in order that the Canal may be 
widened eventually to 75 feet, and a comparative estimate prepared 
shewing what the relative cost of the canal will be for each width 
specified. 

The Government of India has adopted the Inspector- Generals ob- 
servation to the effect that the alignment of Distributary Channels 
does not appear to have been considered or determined on, and that 
there is, therefore, some doubt as to the correctness of the estimate 
in this respect. The Chief Engineer is responsible for that estimate, 
but the Superintendent should now explain to what extent it will be 
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possible to convey ip the Government of India a more accurate idea 
of the pr5cise alignment of the Distribution Channels. As the coun- 
try has been minutely cross-levelled, the Chief Engineer believes the 
Distribution Channels can be laid down with tolerable accuracy ; and 
as the rate of fall in the country is obtainable from those levels, it 
should be easy to arrive at a fairly approximate idea of the cost of 
each main Distributary and the area which will be commanded thereby. 
The Superintendent should also state what length of time the survejs 
of the Distributaries in detail is likely to occupy, and what is the ear- 
liest possible date on which they could be commenced. 

With reference to the remarks in paragraphs 13, 14 and 15 of 
the Inspector-Gcnera?s memorandum, the Superintendent will be 
good enough to re-considcr the disposition of the Locks on the ori- 
ginal section, and explain, not in general terms but for specific miles, 
how far a re-distribution of the relative proportion of cuttings and 
embankments may be improved so as to give a more economical result, 
and, in drawing the revised sections, his attention should be especially 
given to the point of so arranging the Locks as to give a minimum 
cost of each description of work. 

The sum of Rupees 2,00,000 entered by the Chief Engineer for 
temporary dams, &c., must be retained in the estimate, as tlic Officiat- 
ing Inspector-General has mistaken the kind of contingencies for 
which that sum has to provide. ' 

The Superintendent's attention should also be given to the points 
noted in paragraphs 25, 26, and 27. The remark in paragraph 23, 
with reference to the estimated cost of cut-stone for the head works 
being the same as the average rate allowed for the works along the 
canal, calls for explanation. It had escaped the Chief Engineer's 
notice that such full rate had been allowed. 

Drawings of the houses for the accommodation of the Engineers as 
well as of Inspection Bungalows must be prepared, and the strictest 
economy exercised in the latter class of buildings, so that nothing be- 
yond what is absolutely necessary is provided. 

An item for baling, as suggested in paragraiffi 31, should be added 
to each of the Lock estimates. 
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The Superintendent's attention is likewise called to paragraph 32 
relative to the necessity for providing a greater number of •culverts, 
and whether the Inspector-GeneraFs suggestions regarding the drain- 
age cuts to those culverts will have to be carried out. 

The Chief Engineer is of opinion that a width of bridge of 8 
feet is abundant for the traffic which would occur at the several bye- 
roads for which bridges have been provided. Eor the main roads, of 
course, the usual width has been maintained. Colonel Anderson draws 
attention to the omission in the estimate of approaches to the bridges. 
This omission should be rectified, but it appears to the Chief Engineer 
that there is an error as to the great height of the approaches men-' 
tioned in paragraph 34. 

With regard to the Reservoirs of the canal, orders had already 
been issued to the Superintendent to have a survey and estimate made 
for the alternative terminal section to Tribenee Ghaut. These, which 
it is believed are ready, should now be submitted. 

Lastly, it is suggested that escapes^^ should be provided for at 
certain places on the canal. They are precautionary works, which may 
be adopted with advantage in most situations, but there is scarcely any 
great necessity for such works on canals which are protected by regu- 
lating works at the head, and into which no drainage is allowed to 
flow. However, as the Government of India desires to have them 
provided, sites should be selected where the surface of the water of the 
canal is just level with the natural surface of the ground, and a ma 
sonry wall should be built on at that level, sufficient to discharge 
say a sudden influx of water caused by the bursting of a shutter in 
the head sluice, or by a 6-inch fall of rain in 24 hours over such length 
of the canal as may lie above any escape. 

All that is necessary is a platform of masonry provided with 
wings to prevent the foot of the embankment from being washed away. 
Probably the best sites for these escapes would be found at the Tumlah, 
Banka, and at that intermediately between the latter and Tribenee. 

In paragraph 6 of the letter the Government of India desires to 
have the question of the extent to which a cold weather supply of 
water could be utilized more fully discussed, and observes that from 

2 F 



( 226 ) 

the information noV before the Government it would" seem that, in six 
years out of eight, Eeservoirs would probably not be needed. With 
respect to these questions, the Superintendent should give an analysis 
of the cold weather volume available in the river for each month 
during which cold weather or rather spring crops are on the ground, 
and the probable area on which such might be cultivated, if possibly 
ascertainable, and the quantity of water which would be required 
month by month to supidement the available river supply. Such 
information can at present be only approximately ascertained, it is 
believed, but, nevertheless, this is the only way in which the subject can 
be discussed at present. Any reliable information regarding the cost 
of Reservoirs besides that already submitted by the Superintendent 
should be also furnished. 

Any statistical or other information which the Superintendent 
may have acquired since the submission of his report on the subjects 
alluded to in paragraphs 37 to 41 of the Inspector-Gencrahs Note 
should be afforded in such report as the Superintendent may forward 
with the revised estimates. 


From the Government of Bengal, to the Commissioner of the Burdwan 
Division, — (2nd September 1869.) 

With reference to the proposed canal from the Damoodah at 
Baneegunge to the Hooghly, I am directed to request you will furnish 
the Lieutenant-Governor with such opinion as your experience of the 
districts under your charge, and through which the canal passes, has 
enabled you to form, and that you will futher elicit opinions from 
the Collectors of the districts and any competent private parties, 
regarding the anticipated beneficial effects or otherwise of the canal, 
more especially as regards its irrigable properties, 

2. In Section 1 of Captain Garnault^s Report, the replies of the 
Collectors of Burdwan and Hooghly are given to the questipn as to 
whether irrigation is now practised, and to what extent. The replies 
of those. Officers differ somewhat ; and as neither of them treats the 
subject of irrigation for his district at any length, the Lieutenant- 
Governor would be glad to receive their views after a further and 
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careful consideration 6ft he subject, especially in the IJght of the irregular 
distribution of the annual rainfall which has been experienced of late 
years, and of which the present season seems about to afford a some- 
what remarkable instance. 

3. The attention of the Collector of Burdwan might be drawn 
to the remarks expressed by Captain Garnault regarding the irrigation 
practised at present in the district of Burdwan and of the actual facts 
observed by that Officer. 

4. The Government of India has observed in a late communica- 
tion that it would be a strong argument in favor of this project if it 

could be shown that the people could be induced to give up their pre- 
sent defective system, and that irrigation of a superior kind could be 
immediately afforded them, which being also combined with efficient 
drainage would probably contribute vastly to the general healthiness 
of the country/** 

5. The Lieutenant-Governor is desirous of knowing your own 
opinion and that of the local Officers, whether it is likely that the culti- 
vators will be ready to' substitute for their present system of husbandry 
an improved method of cultivation ; in other words, to exchange their 
present desultory efforts for an improved system of continuous irriga- 
tion when the means are afforded them of doing so. That it may 
require some time before the change is introduced is, of course, proba- 
ble, but the Lieutenant-Governor is disposed to think that in tliis 
respect the cultivators of Bengal are not more bigoted than those in 
other parts of India, or slower to appreciate an advantage when fully 
persuaded of it. 

6. The Government of India' has expressed a fear that, unless 
such a change is effected, the supply of irrigation water from the 
Damoodah may prove absolutely injimous. This must, of course, 
pre-suppose the absence of any improvement in the di’aiiiagc of the 
country; but the substitution of a supply of fresh and fertilizing 
water from the Damoodah has been so often represented to the Lieute- 
nant-Governor as a measure likely to improve the sanitary condition of 
the districts affected, that he believes it will be hailed by the people 
generally as a boon. It seems to stand to reason that, when the 
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present obstructioi^s to a free and uninterrupted drainage have been 
removed, ^the substitution of a stream of running water for the existing 
stagnant pools will help to remedy the unhealthiness of which it is 
said the latter have been one of the principal causes. 

7. A question, however, has been raised as to whether by inter- 
fering with such existing arrangements as are necessary for the system 
of irrigation as at present carried on, and attempting to introduce ano- 
ther system, difficulties may not be encountered in dealing with pro- 
prietary rights with regard to water-supply. The Lieutenant-Gover- 
nor wishes to be informed whether any such proprietary rights as to 
water-supply now exist ; and, if so, whether there are any such insu- 
perable difficulties as would prevent satisfactory arrangements being 
made with the proprietors regarding the introduction of a better and 
more certain supply by means of the Government works. The ques- 
tion of drainage, as you are aware, is already occupying the attention 
of Government, independently of the introduction of a system of irri- 
gation. This, therefore, should be borne in mind by you when dealing 
with the subject of this letter, to which I have to add, in conclusion, 
the Lieutenant- Governor's request that you will give it your earliest 
attention, and allow as little delay as possible to elapse before forward- 
ing your reply. 

8. The correspondence connected with the Damoodah Canal 
Project having been published, in the Supplement to the Gazette of 
India dated 21st August, I am to refer you to that Gazette for all such 
information connected with this scheme as may not have yet reached 
your Office, and the Lieutenant-Governor will of course be glad to 
receive any observations, on points other than those indicated in this 
letter, which the correspondence may suggest to you. 

Despatch No, 98 dated October \SQ9yfrom the Secretary of State for 
India^ to the Government of India^ (communicated hy the Government 
of India on 28rd Novemher 1869^/, 

I have received and considered in Council your Excellency's 
Despatch, dated July 29th (No. 97), 1869, reporting the sanction of 
your Government to the immediate commencement of the weir and 
head-works of the Damoodah Canal. 
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2. The canal is intended both for navigation and irrigation, and 
there seems to be every reason to anticipate that it will be useful and 
remunerative in both respects ; but more exact and precise informa- 
tion is necessary, both as regards the extent to which the canal is like- 
ly to be used for navigation by the Raneegunge collieries^ and the 
amount of water that will be wanted for irrigation by the cultivators. 
Until this is furnished in a satisfactory form, you have decided upon 
cpnfining operations to the prosecution of preliminary measures for 
commencing the head-works of the canal, on which, however, I trust 
no heavy expense will be incurred until the project is fully matured. 

From the Government of India, to the Government of Bengal,— • 

(17th January 1870.) 

I am directed to acknowledge the receipt of your letter No. 
1725/. dated 27th August last, replying to a communication from the 
Government of India relative to the Damoodah Canal Project, and for- 
warding a Memorandum by the Chief Engineer, Colonel Rundall, on the 
same subject. 

2. I am first to notice a few points on which some misunderstand- 
ing appears to have arisen as to certain remarks of the Inspector- 
General, and expressions in the Government of Indians letter on matters 
connected with the project. 

3. As to the form of the estimates, it is the well known practice 
of the Department that precise estimates of the actual works to be exe- 
cuted in carrying out any project must be prepared and sanctioned. 
The plans and estimates sent up in the present case were avowedly in- 
complete, and though the Chief Engineer may have believed that his 
arbitrary corrections of the first estimates would give a result sufliciently 
approximating to what was likely to be the eventual expenditure, the 
Government of India, while not denying that a fair first approximation 
to the cost might thus be arrived at, could not accept such an expres- 
sion of opinion in lieu of the exact calculations which the custom of the 
Department based on long continued experience requires. The Secre- 
tary of State has recently noticed with dissatisfaction that parts of the 

work have been permitted to be begun 
before the complete estimates of the 
• whole were matured^ showing that Her 
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Majcsty^s Governmeut have taken a still more strict view of this ques- 
tion than that taken by the Governor General in Council. 

4. As to the designs of the works, the Government of India has 
no desire to fetter the discretion of the Chief Engineer in submitting 
what he thinks most suitable. A final judgment can be formed when 
they are received. What was said was that, so far as could be under- 
stood, the falls in some cases seemed likely to be inconveniently great, 
and a remark was made by the Inspector- General that in the present 
case he thought a lock of 150 feet in length was preferable to one of 
100 feet. 


5. Regarding the distributaries, all that was suggested was that 
this part of the project was too incompletely indicated, and that the 
evidence given as to the probable cost of the necessary works seemed 
insufficient to give a satisfactory basis for an estimate. The Governor 
General in Council does not desire any extreme elaboration of the details 
of this part of the project, but considers that something more reliable 
than a simple expression of opinion might be furnished as a foundation 
for an estimate amounting to £40,000. 

6. It was not intended that the further consideration of the pro- 
ject should be delayed till the question of Reservoirs should be decided. 
If the Reservoirs had formed an essential part of the scheme, financially 
considered, the Government of India would have been constrained to 
have waited till the proposals relating to them had been matured. 
But it was understood that the project does not depend on these works 
for its success, and that they are looked upon as supplementary, and 
likely to be Remunerative independently of the canal, which also will 
give sufficient returns without the Reservoirs. Therefore the Govern- 
ment of India merely stated that it would be very desirable to have a 
final decision come to as to these works, so that the whole project might 
be complete. 

7. Further, .1 am to remark that the intentions of the Governor 
General in Council, with respect to the matters discussed in paragraphs 
14 to 19 of my letter of the 29th July last, seem not to have been made 
clear. The Government of India is not more backward than the 
Government of Bengal in feeling the necessity for providing as early as 
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possible any practicable means for protecting the population of Western 
Bengal from the effects of dronght which have been felt with special 
severity during the last few years. The evidence of the readiness of 
the Governor General in Council to act up to this conviction is 
sufficiently given, if it be sought for, by the whole course of its 
policy since 1864. It was on the urgent representations of the 
Government of India that the works of the Orissa Company were 
taken over at their full original cost, with the express purpose of 
extending their usefulness to the utmost, in the shortest time 
possible. When the same Company showed its inability to carry 
out the Sone works, the Government of India at once accepted the 
duty with a considerable pecuniary sacrifice, and those works are now 
actually being prosecuted. In the case of the present project, the 
Government of India, believing that it was in the main sound, per- 
mitted preparations to be made for the commencement of the head- 
works, the completion of which will regulate the time when the canal 
can come into operation, in anticipation of the formal sanction of the 
complete project and estimate. In no part of India has the Governor 
General in Council hesitated to act as he has acted in Bengal. The 
needful funds are freely sujiplied for the preparation of projects that 
promise success, and for the prosecution of works the designs and esti- 
mates for which have been approved. 

8. But the Governor General in Oonncil has other duties. It is 
one of the first of these duties to watch the condition of the public 
finances, and to guard scrupulously against the possibility of embarrass- 
ment arising from the creation of permanent charges on the revenues, 
to meet which a corresponding source of income shall not have been 
certainly provided. The application of large sums of borrowed money 
to Public Works creates charges of this character, and it is a para- 
mount duty imposed on the Government of India to satisfy itself before 
permitting such outlay that the return from the works to be executed 
may reasonably be expected to be sufficient to cover all charges from 
maintenance and interest. The Governor General in Council, in the 
discharge of this highly responsible trust, has deemed it to he necessary 
to make further enquiries regarding the Damoodah Canal Project, its 
probable powers of accomplishing what it purports to do, and the; pros- 
pects of the income to be derived from it. This, an<i this only, is the 
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intention of the pars^yraphs of the letter of the Government of India 
to which reference has been above made. 

9. His Excellency the Governor Generd in Council feels confident 
that the Government of Bengal will accept the distinct declaration of 
the Government of India that it desires to facilitate to the utmost the 
prosecution of the great irrigation works in progress or contemplated 
in various parts of Bengal. But His Excellency in Council must at the 
same time appeal to His Honor the Lieutenant-Governor to recognize 
the weighty responsibilities placed upon the Government of India in 
relation to the expenditure of the vast sums required for the completion 
of the many great engineering operations now in progress in all parts 
of India, and to believe that this Government faithfully endeavours to 
perform the duties imposed upon it by its financial responsibilities. 
The Governor General in Council will therefore look forward to receiv- 
ing the cordial co-operation of the Government of Bengal and its 
Officers in meeting the reasonable wishes of the Government of India 
in respect to the supply of any information considered necessary, both 
as to the engineering features of projects brought forward, and their 
probable financial results. In this manner only can be secured the end 
which is alike aimed at by both Governments, and by every well-wisher 
of this part of Her Majesty’s kingdom. 

10. With these remnrks, His Excellency the Governor General 
in Council would commend to the early and careful attention of the 
Government of Bengal the consideration of the system under which the 
financial interests of the State may best be guarded in relation to the 
irrigation works to be undertaken in Bengal. The Government of 
India is not disposed to accept as satisfactory an arrangement under 
which the general revenues of the country shall be made liable to meet 
all charges arising from these works for an indefinite period of time. 
Some plan should be devised by which such a result might be avoided, 
and the burden be placed at all events to some extent on the land for 
the improvement of the productive power of which the works are 
essentially designed. Until some such method of meeting the neces- 
sary annual outlay due to the construction of new irrigation works is 
matured, and the danger of these undertakings adding permanently 
to the charges against the revenues is so guarded against, the Govern- 
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ment of, India must continue to hesitate as to th^r prosecution, until 
very complete evidence is adduced of the prudence of permitting it in 
each case. It is believed that there will be no serious practical diffi- 
culty in devising a system of local rating that should accomplish 
what is desired; and of the equity and necessity of such a measure the 
Governor General in Council has no doubt. Whether the provisions 
of the Canal Bill for Northern India now before the Legislative Coun- 
cil of the Governor General would be applicable in Bengal, Ilis Honor 
the Lieutenant-Governor will be the best judge, but something analo- 
gous to the procedure described in Sections 49 to 62 seems likely to 
give the secMirily that would be suitable and sufficient, and that would 
justify the Government of India in recommending for sanction to the 
Secretary of State any project the general characteristics of which were 
otherwise satisfactory. 


From the Government of Bengal, to the Government of India, — (7ili 

April 1870.) 

With reference to your letter No. 231/. dated 29th July 
1869, and in continuation of my letter No. 1725 dated 27th August, 

• No. 08 on8«9.70 of thi. Office. ^ desircJ to re-submit the accompanying- 
t No. 125 ditto ditto. plans* and estimatesf for the Damoodah 

Canal, revised agreeably to the instructions conveyed by the Governor 
General in Council, and to the suggestions of the Officiating Inspector- 
General of Irrigation, and to express the Lieutenant-Go vernor^s hope 
that, the deficiencies complained of previously having been rectified, 
the estimates will now be deemed sufficiently complete to admit of their 
being forwarded to the Secretary of State for sanction. 

2. A Note by the Chief Engineer reviews in detail the altera- 
tions which have been made, and therefore it is only necessary to state 
here briefly that these alterations consist of— 

First , — Enlargement of the masonry works so as to admit of the 
canal carrying eventually double the volume of water ori- 
ginally proposed, or 3,000 instead of only 1,500 cubic feci 
per second. 

2 o 
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Secondly f — Be-^ranging the slope of the canal according to Colonel 
^ Anderson^s suggestion so as to carry 900 cubic feet of water 
for the irrigation of a proportionate area of land at the ter- 
minus, instead of distributing it as originally intended. 

Thirdly ^ — Placing the terminus of the canal at Tribenee Ghaut, 
instead of carrying it to Bidabatty. 

Fourthly ^ — Increasing the dimensions of the masonry structures 
and supplying the omissions noted by the Inspector- 
General. 

The estimates as revised amount, after correetion, to Rupees 
51,40,700, instead of Rupees 50,24,816, for although the canal is 12 
miles shorter, the additions to the masonry works more than compensate 
for the saving in earthwork. 

3. The Lieutenant-Governor has caused this alteration of the 
terminus for the canal to be made, in deference to the opinion expressed 
by Ilis Excellency the Governor General in Council, but the Lieut- 
enant-Governor believes that the continuation of the canal to Calcutta 
will be required eventually, and it is certain that the longer it is delayed 
the more expensive will the purchase of the necessary land be found. 
As far as present requirements arc concerned, the proximity of the ter- 
minus to Chogda does not seem to be a matter of importance; for if, 
as is urged, ‘‘boats can drop -down the Ilooghly to Calcutta witli 
the tide with perfect ease and safety they could for the same reason 
reach Chogda from Biddabatty or Calcutta on the flood tide with equal 
case and saiety. The Lieutenant-Governor believes that any present 
money saving in the earthwork will be nearly, if not quite, balanced 
by the additional cost which will have to be paid for the land hereafter 
Avhen the extension of the canal to Calcutta shall be found to be a 
necessity. 

4. As regards the distribution of the water, and the remark to the 
effect that the tracts of land selected for irrigation have been very faintly 
sketched out, the Lieutenant- GoA'er nor is led to hope that the exjflana- 
tion given by the Chief Engineer has sufficed to satisfy the Governor 
General in Council that the subject had been both carefully considered 
and determined on, as in your letter No. 16/. dated 17th January last 
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it is stated that ^Hhe Governor General in CounciVdoes not desire any 
extreme elaboration of the details of this part of the project/^ The 
Superintendent of Works has now further explained that all the essen- 
tial preliminary steps were taken for determining the land to be irrigated 
and the direction in which the distributary channels would run. The 
Lieutenant-Governer trusts, therefore, that the explanation which has 
been given will be accepted by the Governor General in Council, for the 
Superintendent of Works has stated that to make detailed surveys, esti- 
mates, and plans for all the proposed Distributaries would delay the sub- 
mission of the project for another season. 

5. With respect to the question of the Reservoirs, as it is obser- 
ved in the first part of paragraph 6 of your letter No. 16/. above quot- 
ed that it was not intended that the further consideration of the pro- 

ject should bo delayed till the question of Reservoirs should be decided,^^ 
the Lieutenant-Governor understands that this question is not to inter- 
fere with the submission of the canal project. IIo does not tliercfore 
now forward the Reservoir projects which have been submitted by the 
Superintendent of Works, as the Chief Engineer states that he is not 
satisfied with them in their present state. 

6. As regards the proposed arrangements for combined Irrigation 
and Navigation in the Main Canal, and the Tnspoctor-Generars 
suggestions to which special attention is invited in the 7th paragraph of 
your letter, it will be observed that the estimates have all been revised 
in accordance with those suggestions, hut the Lieutenant-Governor must 
express his owe confidence in the views of the Chief Engineer, whose 
long experience on Navigation Works enables him to speak with autho- 
rity on the subject, and whose opinion, therefore, the Lieutenant- 
Governor trusts will be allowed full weight before a final decision is 
adopted as to the dimensions of canals of navigation in Bengal. 

7. No one who has traversed the provinces under this Govern- 
ment can fail to appreciate the immense advantages conferred on Bengal 
by the magnificent lines of water communication which it possesses. 
And the Lieutenant-Governor feels that every project which has for its 
object the extension of this communication to localities where it has. not 
before existed, and which serves to connect those localities with the general 
system of navigable rivers and canals throughout Bengal, is invested 
with great importance, and that canals for navigation should be designed 
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Dot only With reference to the necessities or conveniences of the im- 
mediate neighbourhood affected by them, but that they should be re- 
garded as an integral portion of the vast system with which they are in- 
corporated and be dealt with accordingly. The Lieutenant-Governor 
therefore entirely concurs in the view that in designing canals, for 
Bengal at all events, it will be impolitic^ not to profit l)y the experi- 
^^ence gained in other countries, and so avoid mistakes which they now 
find themselves obliged to correct at very considerable expense/^ 

8. The Lieutenant-Governor has already in my previous letter 
expressed his opinion as regards the proposed rate of toll to the effect 
that it is not too high ; hut added that if considered desirable an excep- 
tional rate might be made in favor of coal. 

9. Tn connection with this subject the Governor General in Coun- 
cil desired that the probable cost of haulage should be ascertained, and 
that an accurate comparison between the Railway and Canal rates should 
be instituted. Captain Garnault has discussed this subject at length in 
one Section of his report, in which he shows that tlie relative rate of 
conveyance by rail and canal between Raneegungc and the Hooghly is 
Rupees 4-8-0 and Rupees 2-2-0 per ton, or, inclusive of toll, a saving of 
one-half the cost in favor of the canal, even if the same complement of 
crew be allowed to each boat in the canal as on the river. But the 
Lieutenant-Governor is disposed to think, as has been bef i re observed, 
that the cost of haulage, or of the differential rates between railway-, 
river and canal are not so much main points for consideration in fixing 
the rate of toll as the actual distance to which goods have to be transport- 
ed and the proportion which the cost of carriage bears to the value of 
the articles transported. 


lb. The Lieutenant-Governor proceeds to notice paragraphs 14 to 
19 of your letter, and, with reference to the special points raised therein, 
would request the careful perusal of the accompanying letter from the 


* No. IT. dated 3rd January 1869. 


Commissioner of Burdwan,* for- 
warding reports from the-Collec- 


tors'of HoogWy and Burdwan respectively. 


11. The Commissioner not only observes that in the opinion of 
the local Officers, supported by those of the Zemindars and Ryots, 
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" very great benefits may be confidently anticipatedrfrom the canal,” hut 
adds “that there is no such thing as irrigation in its Mientiftc and sys- 
“ tematic sense,” and therefore no “ present defective'system” (such as 
is apprehended in paragraph 14 of your letter,) “ which the people are 
to be induced to gfive up.” 

12. The Commissioner is likewise of opinion “that if all the 
“ irriffable land witliin reach of the Canal anti its Distributaries is 

made liable by law to a certain rate for the use of the water, the cu/- 
tivators will gladly avail themselves of the certainty then given them, 
and the only dispute will be between them and the landowners for 
their share in the profit/^ 

13. Further, there docs not seem to that Officer any sufficient 
reason to apprehend the consequence feared in paragraph 15 of your 
letter, or that there will be any such escape of surplus water from the 

canal into the irrigable land as to interfere with or increase tlie diffi- 
culty of the general drainage of the country 

14. As regards the proprietary rights referred to in your next 
paragraph, the Commissioner affirms that no such rights as to water- 
supply exist in the district in question, except on the Rivers Selye and 
Dalkissur, with neither of which the present canal is in any way con- 
nected. The bunds to which Captain Garnault referred in his Report 
are said to be confined to the beds of the Saraswuttee and other old ‘ 
channels of rivers which have now silted up, and are the same as those 
which have been reported on by Mr. Adley in connection with the 
drainage of the Ilooghly district. The Commissioner is of opinion, 
and the Lieutenant-Governor agrees with him, that it is most unde- 

sirable that the question of this canal should be entangled with the 
questions of drainage and sanitary improvements,^^ inasmuch as the 
latter require in the present instance to be taken up separately and are 
ali’eady it may be hoped in course of being provided for. 

15. The decided opinion which the Commissioner has expressed 
regarding the benefits to be derived from this project, added to the 
details which are furnished by the Collectors of the districts of Hooghly 
and Burdwan, will, the Lieutenant-Governor hopes, be considered by the 
Governor General in Council sufficiently assuring as to the soundness 
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or the basis on whick the estimate of returns previously submitted was 
founded, r 

16. The Lieutenant-Governor desires now to turn to your letter 
No. 16/. dated 17th January, written in reply to my letter No. 1725/. 
dated 27th August last. The Lieutenant-Governor trusts that the 
papers which accompany this letter will satisfy the Governor General 
in Council that co-operation on the part of this Government and its 
OflSeers is not wanting in meeting the wishes of the Government of 
India in respect to the sup[)]y of information for which that Government 
has called both as to the engineering features of the project and its 
probable financial results. 

17. Referring to the 9th paragraph of the letter, I am to say 
that the Lieutenant-Governor very thankfully accepts the distinct 

declaration of the Government of India, that it desires to facilitate to 
the utmost the prosecution of the great irrigation works in progress or 
contemplated in various parts of Bengal.’^ Still the Lieutenant- 
Governor must confess that he finds expressions in the following para- 
graph (10) which tend to diminish the sense of security, which the 
words above quoted are otherwise calculated to give. As long as 
the Government of India feels that it must hesitate as to the prosecution 
of irrigation works, unless special measures of taxation are resortcHl to 
in order to guard against ^^the danger of these undertakings,^' adding 
permanently to the charges against the revenues," the Lieutenant- 
Governor cannot but be apprehensive that practical effect to new projects 
of irrigation for these provinces will be long delayed. 

18. For it appears to the Lieutenant-Governor that if it is con- 
sidered imperative to devise a plan by which the general revenues of 
the country shall be relieved from the liability of meeting the charges 
^rising from the construction of irrigation works, a doubt is pre- 
supposed either as to the remuncrativeness or the necessity of these 
works ; and, if so, it seems to the Lieutenant-Governor questionable 
how far the Government would be justified in requiring the people to 
contribute compulsorily to such works. 

19. The assurance conveyed in paragraph 7 of your letter, how- 
ever, shows that the Government of India fully recognizes the necemfy 
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" for providing, as early as possible, any practicable^ means for protect- 
ing the population of Western Bengal from the effects ef drought 
which have been felt with special severity during the last few years, 
and therefore, if there be any doubt whatever regarding the works, it 
must refer only to their remunerative character. 

20. Setting aside the fact of the losses from which Government 
is saved by the prevention of scarcity and famine, it appears to the 
Lieutenant-Governor that the question of the remunerativenesp or 
otherwise of these works must depend mainly on the manner in which 
they arc projected, and that it will be exactly proportionate to the de- 
gree in which comprehensiveness of design is combined with economy 
in cost and maiutenancc. 

21. The Lieutenant-Governor ventures to think that the projects 
which have been submitted by this Government have not failed in 
either of those particulars ; indeed the criticism of the Government of 
India and the recommendation of its professional advisers have tended 
rather to arbitrarily contract the one and to question the sufficiency of 
the other. 


22. But when a doubt of so grave a kind is advanced, as whether 
the State should undertake irrigation works unless under a positive 
guariintce of a certain, full and early return upon the outlay, the Lieute- 
nant-Governor cannot but recall to mind the discussions which took 
place between the years 186J3 and 1865, when he had the honor of 
being a Member of the Governor GeneraVs Council, regarding the 
j>olicy of irrigation works being constructed by the State, and the 
general admission then made that when designed on proper principles 
they had never proved to be a burden on the revenues of the country, 
V)ut the reverse. It was this in fact, in addition to the strongest con- 
siderations of humanity, which led the Government of India to urge 
upon the Secretary of State the duty of providing works of irrigation 
for the preservation of the country in the following words : — 

The history of the last famine in Upper India is still fresh 
enough in the memories of every one to render superfluous any 
general comments on the appalling character of a season of drought 
over a large area. In like maimer, we believe that the luminous 
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report of the late Colonel Baird Smith sufficiently demonstrates, without 
any further remarks on our part, the real power of systematic irriga- 
tion to amend the worst consequences of such a season of drought, 
and proves that against such visitations there is in truth no other 
security possible ; of all other things, and among them improved ,com- 
munications, acting only as feeble palliatives. It will be a day of the 
greatest promise for the future well-being of India, when the Govern- 
ment shall take the first decisive step towards the gradual, but system - 
atic introduction of irrigation works into every district now liable to 
occasional seasons of drought, and shall thereby lay the foundation 
of a new order of things, under which the sound and material progress 
of the community will no longer be liable to be suddenly arrested and 
thrown back indefinitely, as is now the case, and as must ever continue 
to be the case, so long as the country is left without the safeguard of 
a sufficient supply of artificial irrigation to support the people and the 
cattle in a season of drought.^^ 

23. The enclosures of the despatch from which the above words 
are taken contained strong expressions by the Governor General and 
by others of a conviction that the general prosecution of irrigation 
works was a great measure of public policy, and that moreover it was 
one that was almost certain to be directly remunerative, irrespectively 
of the immense advantages to the country indirectly proceeding from 
it. The following remarks found in No. 9 of the enclosures of the 
despatch, from the pen of an officer whose advice then as now had 
much weight with the Government in the decision of such questions 
may be cited as very accurately expressing the sentiments which were 
at that time held by all who interested themselves in the great and im- 
portant question of constructing irrigation works in India : — 

I may here repeat^^ (Colonel Strachey writes) that my own dis- 
tinct conviction is, that if the Government can carry out these works 
themselves they should do so. But rather than go without irrigation 
works, I would make the best bargain possible with private companies, 
I can, however, see no real difficulty in tlie way of Government going 
fairly into these operations. There could be no practical difficulty as 
to funds, as it is pretty certain that the return would very soon 
cover the interest on the money sunk. The Government could raise 
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20 millions for such purposes with the greatest Qiise^ should it be re- 
quisite. The expenditure would be spread over many yeare^ and the 
** supply of the funds would cause no sensible disturbance of the money 
market, nor discredit the Government. The Government has thought 
it right to raise 60 millions for railways in a very awkward manner, 
reserving to itself no power of profitting by the investment. By in- 
vesting a far smaller sum in irrigation works, the effect of which must 
be to secure the physical comfort of a large portion of the population 
of India, in a manner that cannot be attained in any other way, inas- 
n>uch as it will secure a certain and plentiful supply of food, notwitli- 
standing the vicissitudes of the st^asons, which bring famines as a 
natural and necessary sequel of the ordinary action of the laws of the 
climate, an object may assuredly be gained, which, to sny the least of 
it, is as well worthy the attention of the Government as the provision 
of rapid and easy means of locomotion or transport of produce. Com- 
paring railways with irrigation works, the moral and political induce- 
ments to undertake the latter appear to me much the greater ; while 
the financial objections are much smaller, as money sunk in irriga- 
tion works could not under the most ordinary management lead to 
pecuniary loss, and most probably would give an actual direct increacse 
of revenue besides paying interest.^^ 

24. Similar sentiments were again expressed in a later despatch 
from the Governor General in Council to the Secretary of State in the 
following terms ; — 

In conclusion, we would express our hope that, after such further 
consideration and emendation as these proposals may receive from Her 
“ Majesty^s Government, they will be found to afford a safe foundation 
on which to commence a systematic development of irrigation works 
in all parts of India on an effective scale; and that a provision will 
thus before long be made for the requirements of the entire country 
in respect to artificial irrigation, no less successful and no less worthy 
of an enlightened Government, than that made in respect to the 
means of communication by the adoption of the policy originaited by 
Lord Dalhousie for the construction of railways. The increase in the 
prosperity of the agricultural population and of the quantity of agri- 
cultural produce which must certainly follow the extension of irrigation 
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works will give a v^ry powerful stimulus to the traffic on the rail- 
ways ; while the increased facilities of transport will largely extend 
the markets to which such produce can profitably be sent. The com- 
bination of these causes cannot fail to lead to an improved condition 
of the finances, in part due to the increased wealth of the country, 
and in part to the reduction of the demands on the State to meet the 
railway guaranteed interest j and we shall look forward with much 
confidence to the results of the hearty adoption of a policy which, 
shall provide for the energetic prosecution of irrigation works within 
the limits of proper prudence, combined with the gradual completion 
“ and extension of tlie system of railways, the main outlines of which 
have already been so satisfactorily fixed/^ 

25. It was under the influence of views and opinions such as 
these that tlie local Governments wore ultimately, in the early part of 
18G7, called upon by the Government of India to siibmit proposals for 
works of irrigation, and if therefore the Lieutenant-Governor may 
have seemed somewhat slow in accepting the change of view which has 
more lately been enforced, and if he has expressed some disappointment 
and regret at the change, ho trusts that this will be attributed to the 
influence on his mind naturally produced by the broad views which were 
so ably advocated a few years ago, — views to which the Lieutenant- 
Governor himself adheres, — and to his great apprehension lest the more 
recent view, which deprives the .works of their imperial character by 
requiring each work to be locally guaranteed, should have the effect of 
seriously postponing the prosecution of irrigation works. 


Noie Ijy CMef Engineer, 

The information called for by the Government of India in Colonel 
Strachey^s letter No. 234?/. dated 29th July last, in connexion with the 
Damoodah Canal Project, having been received by this Government, the 
several professional and other points to which attention was directed 
in that letter, and which were necessarily left unnoticed in my previous 
memorandum, may now be discussed. 

2. I then remarked that the objections which were raised both in 
the letter from the Government of India and Inspector-Generars Note 
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were of two kinds, one referring to professional details, the other to 
general principles ; with reference to certain objections of the second 
kind, it was desired that the opinion of the District Officers might be 
taken as to whether, unless a great change were effected in the present 
system of husbandry, the pouring of the water of the Damoodah over 
these districts might not prove absolutely injurious, 

3. The attention of the Commissioner of Burdwan was, therefore, 
Immediately directed to the subject, and that Officer has now submitted 
the opinions of the Collectors of Burdwan and Hooghly, together with 
his own, on the several questions raised by the Government of India 
in paragraphs 13 to 18 of Colonel Strachey^s letter. 

4. Instructions were likewise at the same time issued to the 
Superintendent of Works to revise the estimates according to the vari- 
ous suggestions made by the Inspector-General of Irrigation. Captain 
Garnault has re-submitted the plans and estimates, together with a 
report, affording explanation on the various alterations which have 
now been made in the designs. 

5. Two main alterations were suggested by the Government of 
India which materially affect the original design. One is that of 
planning the works so as to admit of future expansion, and render the 
canal capable of carrying double the supply, or 3,000 instead of 1,500 
cubic feet per second ; and the other that of maintaining a uniform 
slope throughout the canal, and reducing the sectional area in the lower 
reaches, instead of maintaining a certain minimum section, and adapt- 
ing the slope thereto corresponding to the gradually diminishing volume 
to be conveyed. The Governor General in Council likewise directed 
that the lower section of the canal might be modified, so that Tribenee 
Ghaut might be the terminus, A further suggestion was added by the 
Inspector-General to alter the distribution of the water required for 
irrigation. 


6. The estimates and plans as now re-submitted have been altered 
in accordance with those directions, — 


lift , — A fresh alignment of the canal from the 72nd mile to the 
Hooghly at Tribenee Ghaut has been surveyed. 
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2ntl ^ — The masonry works have been altered and enlarged, so as fo 
enable the canal to carry double the supply of water when 
found to be necessary. As tbe increased supply on the 
plan proposed is to be obtained by an increase of depth, 
not of width, it is necessary to add to the dimensions of all 
the Locks and weirs, in order to make them of the requisite 
strength, consequent on the additional weight of water to 
which they will hereafter be exposed. As it will not be 
possible to add to the height of the Lock-gates afterwards, 
and as it would be a useless expense to substitute an entirely 
new set at each Lock, the full height of gate has to be pro- 
vided for at once, and tbe masonry in the counterforts 
designed accordingly. Additional thickness has also been 
given to the Lock-walls as suggested by the Inspector- 
General, and these two alterations have increased the mass 
of masonry in tbe Lock by about one-third, and raised the 
average cost per foot of lift from Rupees 3^000 to Rupees 
4,000. 

7. In my former memorandum I observed that, instead of enlarg- 
ing the dimensions of the Locks and weirs with a view to provide for 
the discharge of the double volume of water, it would be preferable to 
have a duplicate set of Locks and weirs on the canal, as then much of 
the additional expense would not be incurred until there was a prospect 
of its proving remunerative, and the traffic would be much more facili- 
tated by a system of double Locks, whereby the upward and downward 
vessels would be accommodated separately, than by having only a single 
lock of larger dimensions. The advantage of this arrangement is so 
obvious that I instructed the Superintendent of Works to provide 
accordingly, but at the same time to frame an approximate estimate for 
the 150 feet Lock in case the Government of India should prefer adher- 
ing to the Inspector-GeneraRs recommendation of having only a single 
Lock of larger capacity. 

8. A further advantage of this arrangement is that the additional 
Locks and weirs can be constructed without closing the canal and 
interfering with the traffic, a serious matter when once that trafiic 
has assumed important dimensions. It is, however, a more costly 
arrangement, inasmuch as to build a second set of Locks will, at the 
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present estimated rates, cost somewhat under 7 la<^, while t^o build a 
single Lock of the larger dimensions, according to Captain q^mau a 
estimate, will add only 3 lacs to the present estimate. The quesfaon is 
whether the advantage to be gained is commensurate witli the larger 
outlay. I am of opinion that it will be so more particularly as that 
outlay will not be incurred till it is really wanted. 


• 9. The alterations in the aqueducts, necessary in order to carry 
the increased supply, have also been provided, as well as two escapes, 
one at the 12th mile, and the other at the 49^ mile. The two will 
admit of a discharge of 1,500 cubic feet per second. 

10. The bridges have likewise been raised so as to preserve the 
same relative amount of head-way after the water in the canal has been 
raised the additional 3 feet. 

11. As regards giving the canal-bed a uniform slope with a view 
to reduce the deposition of silt to a minimum, I consider myself that 
it is a point of far less importance than that of determining the locali- 
ties to which the'*' supply of water for irrigation shall be led. The 
deposition of silt is a difficulty which has always to be encountered in a 
greater or less degree in every canal project, but it is one which may 
be measured by the cost necessary for removing the silt, and should 
not be allowed to interfere with other more important features of a 
project. In the present instance the question appears to me to be not 
whether because there is abundance of land to which water can be led 
at the lower end of the canal that, therefore, a different regime of slope 
may be adopted, but whether the water is more needed or can be more 
usefully employed at the upper or lower end. The facts stated by the 
Revenue Officers lead to the inference that irrigation is more impera- 
tively needed in Burdwan than in Hooghly, and that it will be produc- 
tive of more useful effect generally in the upper than in the lower por- 
tion, at least as far as the main crop of the country is concerned ; and, 
for that reason, I think it would be preferable to adhere to the catial as 
originally designed. Captain Garnault has given a rough calculation 
of the quantity of silt that may possibly be deposited in the canal. 
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and the cost of its removal, which would not be 1 per cent on the capi- 
tal cost of the works ; and on the data which he has assumed he is 
probably not far wrong in stating that his estimate is high, but he errs 
in supposing that the cost of removal would be lessened by the use of 
steam-dredging* I am well aware of Colonel Anderson^s views regard- 
ing the difficulty of the disposal of silt, but my own experience has 
not led me to attach the same importance to the matter, neither have 
I found the removal of silt deposit in canals such as this attended 
with much practical difficulty, or with any inordinate expense. 

12. The reduction of width on the lower reaches of the canal is, 
as I remarked before, a point which I cannot but strongly deprecate. 
All the experience obtained in European countries and in America goes 
to show that the repeated enlargement of the canals in order to increase 
the facilities of navigation has been continually found a matter of ne- 
cessity, and insufficient width, as well as depth, has hitherto proved 
one of the great obstacles to an economical employment of steam power. 
The width of 55 feet, stated in paragraph 3 of Colonel Andcrson^s 
Note to have been suggested by Colonel Strachey, would be quite 
insufficient to allow two of the large cargo boats in common use in the 
rivers of Bengal passing one another when laden td^a depth of 5 feet. 
The Coal Companies will, of course, find it to their interest to use the 
largest boats which the locks can pass. Colonel Anderson recommends 
that the width in the cuttings be reduced at first to 60 fi et at surface 
and 40 feet at the bed, to be eventually widened to 75 and 55 feet, if 
proved by subsequent experience to be necessary or desirable. 

13. With reference to this subject, I would quote from a pamphlet 
which I have lately read, entitled Water communication between the 
Missisippi and the lakes,^^ containing a memorial to the Congress of 
the United States on the improvement of the navigation of the Wiscon- 
sin and Fir Elvers. This pamphlet was printed only last year, and 
amongst other matter contains the following particulars 

1st , — The length of the enlarged Erie Canal is 350 miles.* 

— On the enlarged Erie Canal there are 71 locks 110 feet long 
by 18 feet wide, or one in 5 miles. 
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Zrd , — On the proposed Wisconsin River improrement there will 
be 38 Locks 1 60 feet long by 86 feet wide, 

4M, — The depth of the Erie Canal is nominally 7, but practically, 
6 feet. 

5/A, — The bottom of the Erie Canal is narrow and the Locks small, 
permitting the passage of only narrow boats, which for 
the most part are made sharp at the bottom to avoid fric- 
tion. The " Improvement^^ and the Lochs upon the Im- 
provement will permit boats which are flat-bottomed, and 
50 per cent longer, and 100 per cent wider, than the boats 
upon the Erie Canal. 

6/A, — The motive power on the canal is horse-power, and on the 
Improvement steam. The movement of freight on the 
former is 1 and miles per hour, and on the latter from 
5 to 7. 

7/A, — Of three plans proposed by the Officer engaged in this Im. 

provement, the last consisted of a canal 118 miles long, 
70 feet wide at bottom and 80 feet at top. Locks 160 
by 35 feet. Total Lock-lift 175 feet. Sides of canal in 
cuts paved to allow the use of steam boats. The esti- 
mated cost of this canal was somewhat less than 94 lacs 
of Rupees. 

14. I have quoted the above extracts with reference to the pro- 
posal for reducing the widths of navigation canals, ' and to the doubts 
expressed both in Colonel Anderson^s Note and in Colonel Strachey^s 
letter regarding the introduction of steam power as showing the opi- 
nions which are held at the present time by the country in which 
inland navigation has been pre-eminently developed, and whose circum- 
stances are in every way more nearly similar to that of India than 
any other. 


15. Whatever decision then may be pronounced on the question 
of the dimensions of the Damoodah and other canals in Bengal for the 
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present, it is certain that experience in other countries where canal 
navigation has been most largely developed and is most appreciated, 
has proved the necessity of enlarging, rather than reducing, the width 
of navigable canals. Is it politic, then, when designing canals for navi- 
gation in India to ignore the lessons which that experience teaches and 
not rather be careful to avoid the mistakes which those countries are 
now finding themselves obliged to correct at a very considerable ex- 
pense ? So far, then, from contracting the width of navigable canals, 
it will at least be prudent that sufficient land should be taken up at 
the outset to provide a bottom width of at least 70 feet on all main 
lines of navigation. 


16. Amongst other remarks upon various items in the estimates, 
it is observed in paragraph 17 of Colonel Anderson^s Note that the sum 
of Rupees 2,00,000 added by me to Captain Garnault^s original estimate 
to provide for temporary dams and cuttings and for unforeseen contin- 
gencies is large ; and it is added, though the Government of India 
are not called upon to sanction this outlay now, they may be prepared 
for it when the contingencies, now unforeseen, come into operation.^ ^ 
The erection of temporary dams, the excavation through the inequa- 
lities of the sand banks, the construction of the tramway across the 
river^s bed and its removal at the beginning and end of each working 
season, form under any circumstances a necessary part of the work ; 
and as, when accidents occur from sudden freshes, (to which the Da- 
moodah is peculiarly liable), while a weir is under construction, the 
Engineer must have the power of remedying them at once without in- 
curring the delay of a reference to Government ; experience in the con- 
struction of large weirs has shown the absolute necessity of providing 
accordingly. This item, therefore, I trust will not be excluded from the 
estimates. 


17. As regards the design of under-sluices, I would remark it is 
precisely because the pattern hitherto adopted in Madras does hot admit 
a sufficient acceleration of the current that a new design was sought 
for as a remedy for the evil which has injured the navigation on the 
upper side of the various dams in the south. 
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18. With reference to raising the crest of the embankment 6 feet 
above the highest flood levels the utility of doing so is not quite appa- 
rent as long as the crest of the wing walls and parapets of the sluices 
are made only 3 feet above that level, but the additional height can be 
given when the work is carried out. The reason why ^Materite” has 
been provided in preference to other material for the sluice floors and 
crest of dam is because experience on the Orissa Works had already 
proved its superiority in resisting the wearing action of the sand and 
water which takes place during the freshes. 


19. The Return-walls to the head sluice will be aided as sug- 
gested. The thickness of all the Lock- walls has, as before mentioned, 
been increased to the proportions recommended. The central sluice in 
the Weir- wall, adverted to in paragraph '26, was incorrectly shewn in 
the drawing, but I prefer retaining the arrangement for the weir 
channel, and do not think the space between it and the Lock should be 
diminished. Detailed estimates for each description of Lock have now 
been submitted by Captain Garnault. As before remarked, this altera- 
tion, together with the additional height of gates and quoins which 
had been ordered, has increased the mass of masonry in the whole 
structure by nearly one-third, and so raised the cost from Rupees 3,000 
to Rupees 4,000 per foot of lift. 

20, As regards dwellings and inspection buildings, I think Captain 
Ciiirnault has nt>t provided more than are necessary for the Officers who 
will be engaged in supervising the construction, and who will hereafter 
have likewise to look after the maintenance of the works. As rent is to 
be taken from the occupants of the one, the outlay will not be unproduc- 
tive, while, as regards the other. Captain Garnanlt^s remarks as to the 
necessity of providing adequate shelter during the period of construc- 
tion are reasonable. As shewn by him, there is but one Inspection 
Bungalow in connection with the Damoodah embankment that could be 
at all utilized for the canal works. Should, however, it be considered 
accessary to provide a less permanent structure, the Inspection Bun- 
galows may be reduced in cost by being built of less durable material ; 
but I question whether any real economy will be secured thereby in a 

2 i 
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locality where such violent storms and cyclones prevail, and where 
thatched buildings are liable to be totally destroyed. Even after the 
canal is finished, it will be necessary to have some intermediate buildings 
at which the Officers in charge of the canals can halt for a few days, 
and these should of course be permanent structures. 

21. With regard to the accommodation for the Engineers and 
Subordinate Officers while engaged in supervising the construction of 
the Head Works, but which may not be subsequently required, I con- 
clude it cannot be seriously contemplated that Officers and their families 
should be consigned to mere sheds,^*^ simply because they happen to be 
engaged on works where their services are not likely to be required 
permanently, more especially as, whatever the quality or description of 
the building provided may be, a proportionate rent is to be demanded 
from every occupant. 


22. W^ith reference to the provision for drainage as the canal 
along the greater portion of its length runs on the highest portion of 
the country, the drainage to be provided for is very small. It is quite 
true that the embankments in many places are higher than desirable ; 
but, had it been possible to have avoided these embankments, they 
would not have been so designed. Where then it is necessary to pass 
the drainage under the canal, provision has been made accordingly, but 
in many cases the water will run off equally on either side, and not 
require to be carried across the line of canal itself. 


23. As the bridges provided at the Locks and weirs serve, for the 
most part, the purpose of mere accommodation bridges for the passage 
of cattle and villagers, a width of 8 feet seemed abundant ; but, on a 
line of road where regular traffic has to be provided for, the usual width 
has been given. 


The omission in the estimate of the item of approaches to the 
bridges has now been rectified. Two escapes have likewise been added, 
but such works are not essential in a canal which receives no water 
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beyond that wLicli enters by the head sluices, and where the irrigation 
distributaries can, on emergencies, be used to carry oflP surplus water to 
the natural drainages. 


24, As respects the construction of RescrvoliV^ in connection 
with this project, the Government of India has, in a subsequent letter, 
stated that it was not intended that the further consideration of the 
project should be delayed till the question of Reservoirs should be de- 
cided.^^ Projects have been submitted by the Superintendenti of 
Works providing for the storage of nearly 8,000 millions of cubic feet 
of water at an aggregate cost of 16 lakhs of Rupees, but I do not my- 
self feel fully satisfied with the details, and therefore, as they are not 
essentially connected with the Canal Project, I do not recommend the 
submission of the plans in their present form. 


25. Regarding the Distributaries,^^ I endeavoured to explain in 
my former memorandum that the estimate was based on the results of 
previous experience in adjoining localities, but the fact was likewise 
stated in the first instance. The Government of India has since ob- 
served that it does not desire any extreme elaboration of the details of 
this part of the projeeV^ but at the same tima considers something 
more reliable than a simple expression of opinion might be furnished 
as a foundation for an estimate amounting to £40,000.^^ I am at a 
loss to know what, short of an elaboration of details, can be more re- 
liable than a reference to previous experience in adjoining* localities 
under precisely similar conditions, or on what sounder basis a general 
estimate of cost could be framed. As explained by Captain Garnault, 
the distributaries were marked out according to the cross levels with 
which the country had been intersected, while the portions of country 
selected for irrigation were those which, in his opinion as well as in my 
own, were most in need of it, and where the water ’ would be most 
appreciated. As much of Captain Garnault^s time has been spent in 
these districts, his opinion on the subject is entitled to - weight; and I 
should, therefore, prefer adhering to the distribution originally proposed, 
rather than adjust the Main Canal in the proportions recommended iu 
the Officiating Inspector-GeneraFs Note, with a view to carrying a 
larger body of water for the irrigation of land at its teriuinus. 
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26. ^ A comparison of the estimate, as revised and re-cast as above 
described, with those formerly submitted shows as follows : — 



Former 

Estimate. 

Revised 

Estimate. 

Increase- 

Decrease. 


Rs. 

Bs. 

Ils. 

Rs. 

Weir and Head Works ... 

5,33,527 

5,37,600 

4,073 


Earth-work, Main Canal... 

18,40,238 

14,14,800 


4,25,438 

20 Locks with 15 Weirs... 

6,12,000 

9,57,800 

3,45,800 

... 

Aqueducts and Culverts... 

5,20,041 

7,48,100 

2,28,059 


Bridges 

2,17,410 

49,000 

. . . 

1,68,410 

Distributaries 

4,00,000 

4,00,000 

* • . 


Land 

4,01,000 

4 01,600 

• • • 

» » • 

^fools and blant 

2,00,000 

2,00,000 

* . • 

• * » 

Buildings, includingWork- 
sliops, Bungalows, &c,.. | 

1,00,000 

99,800 


200 

Contingencies such as tem- 
porary dams, excava- 
tions, tramway from 
quarries and in river 
bed, &c., &c. 

2,00,000 

2,00,000 



Baling at Locks, Aque- 
ducts, Culverts, &e. ... 

1,00,000 

1,00,000 


Esca])os 

. . . 

20,000 

2i>,000 


Ferry Bouts ... 

... 

21,000 

21,000 


Total 

50,24,816 

51,49,700 

7,18,932 

5,94,018 


27. The revised estimate is thus somewhat in excess of the origin- 
al estimate, though the canal is 12 miles shorter ; the saving in earth- 
work is more than counter-balanced by the extra expense in the ma- 
sonry works caused by the extra strength requisite for the increased depth 
which doubling the supply will entail. When it has become evident 
that such supply can be utilized, additional outlay will have to be incur- 
red in raising the embankments 3 feet, in finishing the Locks and weirs 
to the full height, in excavating the additional distributary channels, and 
in the purchase of the land for the latter ; all thea3 must be taken into 
consideration before calculating the increased returns which will be ob- 
tained frem the double supply of water for irrigation ; but if the demand 
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for it is such as to justify the additional outlay^ the returns will be in 
greater proportion than the expenditure. As Captain Qarnault has 
omitted to include the cost of the Work-shops in his buildings, as well as 
of the tramway from the Quarries to the river, and o£ ferry boats, 
which will probably be intermediately recjuired, these have been added 
to his estimates. 

28. It now remains to notice those questions raised in the same 
Note which, in paragraph 14 of Colonel Strachey^s letter, the Govern- 
ment of India remarks will have to be carefully considered and replied 
to,^^ and on which this Government is desired to submit the opinions of 
the District Officers. Those opinions will be found stated h extenso in 
the letter from the Commissioner of Burdwan, and its enclose^ reports from 
the Cullectors of Burdwan and Hoogbly. 

29. Tlie Commissioner observes shortly that, in the opinion of the 
Collectors, ^^very great benefits may be confidently anticipated from 

the irrigable properties of the projected Damoodah Canal, and lliat 
this opinion appears to be supported by all the zemindars and ryots 
who have been consulted by these Officers/^ 

there is no such thing as irrigation in its scientific and sys- 
^^tcmatic sense, and that, therefore, there is no present defective system 
of irrigation which the people are to be induced to give up ; tliat the 
^Mefect with which it is necessary to deal is rather to be found in th^ 
irregular distribution of the annual rainfall, a defect which it is the 
express object of the canal to reme'ly.^’ With respect to the supposed 
difficulties in dealing witli pro})rietary rights with regard to watcr-sup- 
])ly/^ adverted to in paragraph 16 of Colonel Stratdiey^s letter, the 
Commissioner observes that it may be safely affirmed that the only re- 
cognized proprietary rights of water-supply are those arising from the 
“ erection of a few barriers across the beds of the Rivers Darkissor and 
Selye,^^ With neither of them docs the Damoodah Canal interfere at all. 

The Commissioner further thinks it most undesirable that the 
question of the canal should be entangled with the question of drain- 
age and sanitary improvements.^^ He observes that the canal will 
stand or fall by its own merits ; its construction will confer a very 
great benefit on a portion of two of the richest, and hitherto, most 
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neg‘l< cted^ districts orf Bengal, and it will certainly be a profitable in * 
vestment cf money, provided that the works are well and skilfully 
executed/^ 

30. The reports of the Cidlectors of Hooghly and Burdwan are 
full of interesting details and treat the subject exhaustively as regards 
the lands and crops for which water will be most valued in their respec- 
tive districts. In Hooghly it appt'ars that the principal rice crop is 
grown over the lowest lands on which water accumulates, and that they, 
therefore, would in his opinion not require artificial irrigation, except for 
a few days in the months of October and November after the rains 
have ceased, when a seasonable supply will in years of scarcity save the 
whole crop from destruction. 

But on the higher lands locally known as Sona,^^ from which ^^'e 
highest rents are demanded, ‘^artificial irrigation is indispensable.^^ As 
regards the probability of the ryots taking advantage of the improved 
means of irrigation, the Collector of Hooghly is of opinion that, for the 
better class of land, the use of water for irrigation is only limited by 
^/the supply, while the rate mentioned by Captain Garnanlt, Rupees 3 
^‘per acre (not beegah), is certainly not too high. The Collector of 
Burdwan observes that the important point to which he directed his 
attention pirimarily was to ascertain whether the difference in fertility 
between two classes of “ Sali,^^ or low riee-growiiig lands, (which consti- 
tute |rds of the whole district,) arus’e from difference of soil or difference 
of level only. That he found it was the latter circumstance that influenced 
the classification of the lands, those lands being termed “ first class^^ 
which are capable of retaining the greatest amount of water. 

The Collector fiu ther remarks that the results of his enquiries show 
what an inestimable boon the canal water will bestow upon the ryots 
of that district,^^ and he adds in paragraph 10 of his report, ‘‘ from the 
many ryots with whom I have spoken on the subject, between this 
(Burdwan) and Raneegunge, I can say that, excepting the very poor 
and least intelligent classes, the ryots themselves are fully alive to the 
benefits they will derive, and, with few exceptions, arc quite willing 
to pay for these benefits/^ 

31. All the points on which the Government of India desired in- 
formation are so fully discussed in these reports that it does not seem 
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necessary to extract here more than the general opinion which^ as ex- 
pressed above, is entertained by the local Revenue Officers regarding 
the Project. 


Report by Captain Garnaui.t on the Ramoodah and Iloogkhj Canat 
Projectj — (dated \Uh October 1869.^/ 

In rc-submitting the estimates for the Damoodah and Hooglily 
Canal, which have been revised in accordance with the instructions 
contained in Government of Indians letter No. 234/. of 29th July 
1869, and in the Inspector- General’s and Chief Engineer’s Notes, I 
will notice all the points adverted to as briefly as possible. The esti- 
mates have, I think, been prepared in almost sufficient detail to explain 
themselves. 

Section I. — Distribution of water from the Canal, 

The Officiating Inspector- General of Irrigation in his Note re- 
remarks that it is not clear 
Distributioiii of water from the Canal. that tllC brail ch cliaiinels 

have been shown on the map 
in conformity with the arrangements likely to be carried out in 
practice,’^ and in the 4tli paragraph of the Government of Indians 
letter No. 234/. of 29th July 1869, it is stated that arrangements 
for the distribution of the water and the tracts of land which are to be 
irrigated are only very faintly sketched out, and the cost has not been 
at all accurately ascertained.’'^ The distributaries were marked on the 
map sheet No. I, according to the levels that had been taken across 
the country to determine the line of the Main Canal, and were as 
nearly as possible in the direction of the lines I considered they would 
eventually take : they certainly have not been surveyed and levelled 
in detail, and I considered that it would have been premature to have 
done so when the question of the canal being constructed at all was 
quite an open one : the surveys cannot be commenced till December, 
and if the construction of the canal is delayed till the estimates for 
the distributaries are complete, another working season will be lost. 
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Even had I received notice previous to March that the canal would 
have been carried out, I should have arranged for the survey of some of 
them at least. 

I note that the canal is to be so designed that it may be eventually 
able to carry 3,000 cubic feet per second, instead of 1,500 as originally 
intended ; this will not in any way alter the arrangement I originally 
made for the distribution of water, and all the distributaries, except 
Nos. 10, 11, 12, will, for the 1,500 feet supply, follow the same direc- 
tion I first proposed, but with a diminished capacity, because 900 cubic 
feet will be taken as far as the 66th mile. From the 66th mile to the 
terminus at the Koontee Nuddee the canal will be still and for navi- 
gation only. I have, however, altered the section of the Main Canal 
according to paragraphs 4, 5, 6, 7, and 14 of Colonel Anderson^s Note. 

From the following Table it will be seen how I propose to distri- 
bute the smaller supply, mz,, 1,500 cubic feet, if Colonel Andersou^s 
proposed arrangement of taking 900 cubic feet to the 66th mile is to be 
adhered to : — 
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10 
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3 

24 

20 
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40 
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4 

28 

32 

8,000 

60 

18-40 


5 

28 

50 

12,500 

95 

20 


6 

33 

25 

6,250 

50 

12-8 


7 

33 

HO 

20,000 

150 

26 


8 

44 

18 

4,500 

34 

8-4 


9 

49 

70 

17,500 

130 

20 


10 

66 

250 

60,000 

450 



11 

12 

66 

|250 

60,000 

450 
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The Main Channel will according to thisii distribution be as 
follows : — 

From 1st to 28th mile the dimensions will be 

Surface width =111 feet. 

Bottom ,, = 86 ,, 

Depth — 7 yy 

Fall per mile = 6 inches. 

This will give a mean velocity of 2*19 feet and discharge of about 
1^500 cubic feet per second. 

From the 28th to 33rd mile the canal will be as follows ; — 

Surface width = 98 feet. 

Bottom =70 y. 

Depth =7 

Fall per mile = 6 inches. 

This will give a mean velocity of 2*16 feet and a discharge of 
about 1,270 cubic feet per second. 

From tlic 33rd to 49th mile the canal will have the following 
dimensions 

Top width = 84 feet. 

Bottom ,, = 56 ,, 

Depth = 7 ,, 

Fall per mile = G inches. 

This will give a mean velocity of 2*12 feet and a discharge of 1,050 
cubic feet per second. 

From the 49th to the 66th mile the canal will have — 

Top width = 78 feet. 

Bottom „ = 50 y, 

Depth — 7 y. 

Fall per mile = 6 inches. 

This will give a mean velocity of 2*10 feet and a discharge of 940 
cubic feet per second. 

From the 66th mile the canal will be still, and will have a 
surface width of 60 feet in cuttings and 75 feet in embankments ; in 
the former case the bottom width will be 32, and in the latter 47 ; the 
depth in both cases remaining the same, viz,, 7 feet ; but berms will 

2 K 
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be left of suffieienir width in cuttings,, so that the surface wicltli may 
eventuallj' be increased to 75 feet. 

It now remains to show how I purpose distributing the extra sup- 
ply of 1,500 cubic feet. I propose extending No. 5 Distributary from 
Oargram, passing Munglckotc, to Ciitwa ; there is over 90,000 acres 
irrigable, and I projiose making this distributary carry eventually 7G0 
instead of 95 cubic feet as at present, and it should also be made iiaAn- 
gable, as it would then open up a tract of country of which the com- 
munications, in the rains especially, arc now very imperfect : this 
takes away 670 of the 1,500, and the remaining 830 I would carry on 
to the 66th mile, making it available for the whole tract of country 
lying south of the canal between the Damoodah and Ilooghly Rivers, 
extending to the Ooloubaria Canal : this area alone is about 900 
s(juare miles. One branch should, 1 think, go to (Calcutta following 
tlic original alignment of the canal as far as Biddabatty, the other 
skirting the Damoodah. 

I cannot help thinking that the canal as originally designed was 
juTfcrahle to the canal as modified in accordance with the suggestions 
of Colonel Anderson. 

The canal commands an area far in excess of what is able to he 
irrigated ; it is therefore an object to be able to carry the water to the 
country where it has the readiest sale : it is impossible now to say 
with exactness in what part water would he most valued, although, 
generally speaking, I should consider in the western part of the coun- 
try commanded, as the slope of the country being greater, a greater 
portion of the rainfall is drained off, and the rainfall itself is less : still 
in the lower portion of the country commanded by the canal the 
cultivation of garden produce for the Calcutta market is steadily in- 
creasing, and this is a species of cultivation which can afford to pay 
much more for water than ordinary field cereals. 

As originally designed, the water could be distributed either in 
the higher or lower parts of the country, and in both cases a good 
section was available for navigation, the advantages of which cannot 
be over-estimated, taking into account the large traffic that there is 
likely to be on the Damoodah Canal and the almost certain use of 
steam-power. 
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Colonel Anderson^s reasons for tlie alteration ^re to do away with 
silt : our difficulties in this respect we can estimate toler^ibly accu- 
rately : from observations I made last year, when the river stood 
feet on Kaneegunge gauge, I found that the silt by volume was 1 in 
590 ; the amount of silt, therefore, coming into the canal in the 
volume of 1,500 cubic feet per second, supposing the river stood 13 
feet on the gauge for four months in the year, would be about 
o0,000,000 cubic feet. Supposing one-half of this passes into the 
fields hy the distributaries, the amount deposited in the first 40 miles 
vould be about 9 inches in depth, and would cost to remove about 
Iiupccs 40,0()0 (and with a steam dredger much less). There is 
nolhiug in this to cause alarm, more especially as my estimate is a very 
high one : the proportion of silt is due to a depth of 13 feet in the 
river, and this does not occur for more than one month in the year, 
whereas I have taken it for four months. 

Section 11. — Reservoirs, 

In reply to the Cth paragraph of the Secretary to Government of 

Indians No. 234/. of 29th July 1809, 1 
Reservoirs. have to remark that tire question of Reser- 

voirs had no connexion whatever with tlie 
DamooJah Canal Project (this the Inspector-General hims df, Colonel 
Strachey, also admitted in his Note on the Reseivoir system) ; and fhat 
at the time when the investigations for the Reservoir Project wete com- 
menced there was no thought of a canal from the Dainoodah beyond 
suggestions which had been thrown out on the subject by di tie rent 
Officers from time to time. The East India Irrigation Company, I 
believe, purposed prospecting the possibilities of a canal, but beyond a 
few levels, afterwards found to be worthless, nothing was done. As 
there would seem to exist some confusion regarding the Reservoir Pro- 
ject, it may be as well to give a brief summary of its history. 

In 1852 a very able Note was written by Mr. Ricketts a propos 
of some enquiry connected with the embankments, in which he alluded 
to the embankments of the Damoodah as follows 

These embankments are each year breached somewhere or other. 
^^Not even the Engineers employed have supposed that the embank- 
ments afforded protection to the country. It never has been considered 
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'‘'])robable that tb/^ whole would stand even for one season. The 
state off matters is immediately disclosed by the manner in which all 
concerned spoke of breaches in the embankments. One mij^ht sup- 
pose that the embankments were made in order to be breached. The 
Engineers spoke of miles of breaches without shame. In this De- 
partment success appears to have been always regarded as hopeless. 
In this Note reference was made to a proposition by Lieutenant 
Beadle, then Acting Secretary to the Military Board, for abandoning 
the embankments on the right bank, in order to relieve the left bank 
embankments and render the more important interests on that side, 
viz,, tlie town of Burclwan, the Grand Trank Road, and the East 
Indian Railway, safe from Hoods : it was recommended that levels and 
surveys should be taken for the purpose of ascertaining the etScacy of 
this ]>lan, which I may here mention was preferred to all otlier proposals 
by Major Baker, Colontd Garstin, and many other OtEcers of high 
position at the time, not perhaps because of the advantage of the plan 
jjcr sc, but because of the more weighty objections attacliing to all the 
oilier schemes. 

Tlie wliole of the surveys and levels when eom])leted were made 
over to (Captain C. II. Dickens, Assistant Secretary, Military Board, 
and he went very completely into the whole matter and discussed all 
the ditTerent proposals for protecting the country on either bank of tbc 
Damoodah. Captain Dickens observed that no permanent or salisfac- 
tovy improvement of the Damoodah so as to secure the country from 
^Mloods was possible by confining the river between enfibarikmeiits on 
^'iluir existing site or retired at a greater distance, or by new channels ; 
that there were three other modes of remedying the evil, — l.s/5, Icngth- 
ening the course of the river ; by forming rapids or weirs to 
reduce the declivity of the intermediate spaces; and the con- 

struction of Reservoirs.’^ 

The two former he pronounced as utterly impracticable from their 
cost, and regarding the third, he thought that, though probably Reser- 
voir sites could be found, the practicability of the scheme depended on 
ihe possibility of getting the water used for irrigation and paid for 
l)y cultivators; he -therefore recommended Lieutenant BeadWs plans 
for adoption^ and iiO miles of embankment on the right bunk were even- 
tually removed : ihe result was that the left hank has been ever since 
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totally free from inundation ; but a large area on jight bank bas been 
annually flooded and put out of cultivation, the ryots Iiav<^becn living 
in a state of iusecurity, often during floods on trees and on the tops of 
their houses, and on one occasion to my knowledge loss of life has 
occurred. Of course the clamour against the removal has been great, 
and numberless petitions have been presented to Government asking 
for compensation or for a remedy. Several Officers have been sent to 
ijispect the riglit bank to try and ascertain the amount of damage 
occasioned by the free spill of the floods over it ; but save establishing 
the fact that a large area of land has been permanently put out of 
cultivation nothing further has been elicited. The question is a diffi- 
cult one, as, although it is quite certain that mrniy individual interests 
have suffered, it is not certain that the whole area has not gained, that 
is to say, that it is not certain that the income derived from the pix)- 
duee of the whole land on account of the heavier produce on lands 
fertilized by the Damoodah deposits is not as great now as before the 
embankments were removed. 

I was deputed to survey the inundated land in 186^i and to make 
a comparison, if possible, between its area and state then and what 
they were before the embankments were removed. I made this compa- 
rison as accurately as possible with information I was able to obtain ; 
but at the same time recommended that a thorou;;h investigation be 
made of the river to its source, with the view of finding sites for Reser- 
voirs. The Lieutenant-Governor consented to this investigation being 
made, and wrote as foll(tws : — 

The Lieutenant-Governor is not unmindful of the fact that a 
certain extent of country in the immediate vicinity of the breaches 
that have occurred has been injured, and that a sense of insecurity 
still prevails among the ryots from the uncertainty of the action of 
the river oil its bank. His Honor is therefore of opinion that some 
practical measure should be devised to utilize the flood-waters of the 
Damoodah, to give confidence to the ryots, and, if possible, to reclaim 
the land which is now uncultivated.^^ 

In 1801 1 submitted a report on four very suitable sites for Reser- 
voirs ; the investigation was continued by Lieutenant Hey wood, who 
found other very favourable sites, and we have now reliable information 
that more than sufficient favourable sites exist in the higher reaches to 
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store up all the surplus water of the Damoodali which the channel is 
unable to cj\rry off : it will thus be seen that the Reservoir Project, so 
far from being investigated in connexion with the Canal Project, was 
in reality investigated in order to save from inundation some 100 
s(iuare miles of country which is periodically inundated on account of 
the removal of the embankments, for the maintenance of which the 
owners of the land pay an annual sum to Government. 

I wish now to refer to the remarks made on the Reservoir scheme* 
by Colonel Strachey, the Inpector-General of Irrigation, in his Note 
forwarded with Government of India's No. 182/. of 31st July 1868. 
Colonel Strachey doubts the practicability of subduing floods by Reservoirs, 
because he is not satisfied that they can be kept from filling up. I 
made some experiments last year with the water of the Damoodah, and 
found that it contained 1 in 500 of solid matter by volume : this would 
make the Reservoirs silt up in 59 years if filled ten times in a season, 
(they probably would not be filled five times) ; perhaps in a shorter 
time, owing to larger obstacles being rolled down than sand. The 
silting difficulty has been experienced in all countries in which Reservoirs 
have been made, but remedial measures have been applied, and there is 
no reason why similar measures or others which experience has since 
brought forth should not be applied to these. 

The remedies suggested by Colonel Strachey arc, — modifying the 
declivities of the bed by dams or contractions, and in the lower reaches 
opening out the channels into the Hooghly ; the former remedy was 
one which was pronounced utterly impracticable on account of cost some 
15 years ago by Captain Dickens ; probably it would now cost double 
the amount that it was then estimated to cost, and the further fact that 
the amount thus expended would be entirely iin remunerative, except in 
protecting the lands from inundation (even if successful), is enough to 
show, I think, that the scheme is not likely to he entertained at the 
present time. With regard to the second remedy, a proposal was made 
about 1852 or 1853 by natives, who oflered to pay for it, for cutting a 
canal from Selalpore (the point where the Damoodah turns to the south) 
to the Hooghly, but it was opposed by Colonel Garstin, who thus* writes 
on the subject : — 

I perfectly agree with Major Baker that it would be dangerous 
to admit the water of the Damoodah into the Hooghly, and my 
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reaffoa for opposing tlie cutting of the canal from Selalpore direct to the 
Hoogldy (proposed by the natives who offered to pay for it) was tliat 
^Mhe sands brought down by that river would be deposited in the 
Ilooghly and destroy the Port of Calcutta. That such would be the 
probable effect of admitting the waters of the Damoodah into the 
Ilooghly, either above or below Calcutta, is more than probable ; for, 
judging by the effects of letting the Ganges into the Bhaugii uttee at 
Sootie, and the increased quantity of saud brought down by the 
Adjai in consequence of the clearance of the Jungle Mehals, similar 
results, though in a much greater degree, would follow the admission 
of the Damoodah. 

History tells us that 100 j^ears ago Admiral Watson took a 
61 -gun brig up to Chandernagore (with difficulty it is true, Imt he 
did it) j now a small brig could not get up, for a large sand bank 
has been formed opposite to Chandernagore, another near Barrack- 
pore, and others in other parts. A similar deposit now covering with 
silt has been formed opposite Shalimar and the Bishop^s College, and 
in various other parts of the river changes have taken place of late 
years owing to the sands now brought down and deposited in the 
Ilooghly in greater quantities than formerly. 

I admit that the James and Mary is formed by the collision of 
the waters of the Hooghly and Roopnarain ; the former, however, 
greatly assisted by the Damoodah in the rains, wlien it brings sand 
with it, and forcing the current of the Hooghly to the left bank, 
instead of allowing it to go fairly down its whole channel, and, aided 
by the projecting left bank, making the opposition of the rivers more 
direct and causing a great back-water between the Damoodah and 
Roopnarain under the right bank.^^ 

Colonel Baker also writes,: — All plans are to be deprecated that 
involve a risk of throwing a considerable portion of the Damoodah 
waters into the Hooghly at any other point than that where they 
now discharge themselves. 

The silt swept forward by the uniform downward stream of the 
" Damoodah would drop at once and form shoals in the feebler current 
of the Hooghly, where the alteration of the tides neutralizes the 
scouring action.’^ 
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With regard to ijie cost of the scheme^ there are only two natural 
channels by^which Damoodah water could be diverted to the Hooghly 
to be of any use^ viz., the Banka to the west of Burdwan^ and the Kana 
to the east. Any channel opened out lower down would not remedy 
the evil, as the floods come down very rapidly, and the relief is required 
near Burdwan. The present channels would require to be considerably 
widened to carry off the surplus water, and we should require besides a 
new channel about half a mile wide in addition to the Kana and Banka.- 
Thc land alone for this new channel would cost about 23 lakhs of Rupees, 
and the embankments on the three channels would cost about 10 lakhs 
more, making 33 lakhs, and this does not include the land required for 
the embankments on the Kana and Banka, nor the compensation for 
the houses on the bank; the latter would form a very heavy item, 
on the Kana especially. When the channels were opened out they 
would in all probability silt up in the same way as the Damoodah has 
done, and the embankments would have to be continually raised and 
strengthened : this scheme, too, would be entirely unremunerative, as 
the people whoso country would be protected already pay Government 
for such protection, or at any rate for the maintenance of embankments 
to ensure such protection, and of course could not be further taxed on 
this account. 

As the Government of India, when reviewing the Reservoir Project, 
ruled in the 5th paragraph of their No. 182 of 31st July 1868 that no 
expenditure would be sanctioned for which a good prospect of really 
tangible income was not clearly made out, and that the outlay of the 
State should be covered by corresponding income, it is clear that the 
only project by which the country on the right bank can be saved from 
periodical inundation is by Reservoirs, and I will now endeavour to show 
how far this scheme comes up to those conditions. 

Estimates have been prepared for three Reservoirs (two in detail), 
from these it has been ascertained that we can store water at the rate of 
Rupees 150 to Rupees 200 per million cubic feet. To render the 
country safe we should probably have to store 50,000 milligns, the cost 
of which would be, taking the higher figure, 100 lakhs of Rupees. I 
reckon that we cannot depend on more than 200 cubic feet in the dry 
season from the river without storage ; we should therefore require, 
supposing we could utilize the same amount of water by means of the 
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canal daring the rabbee as during the khurrcef sca3t>n, 18,000 mihions 
cubic fcet^ the cost of which would be 36 lakhs of Rupees. #Wc should 
be able to irrigate 300,000 acres, which at Rupees 3 per acre would give 
a return of Rupees 9,00,000. Supposing the net profits to be 6 lakhs, 
this would give an income of 16 per cent on the amount utilized 
and 6 per cent on the whole outlay. It is true that, according to 
the Raneegunge gauge readings for the last nine years, v'iz,y 1860-01 
to the present time, in five years out of the nine the necessity for the 
Reservoirs would hardly have bi’cn required; but as at the time that the 
rubbec crop is sown it is impossible to tell whether the natural sujqily 
of tlie river will be a minimum or a maximum, we could only arrange 
with the cultivators for irrigation of the area aecoiding to the minimum 
siipjdy, which, as I liave before stated, cannot be satcly reckoned at more 
than 200 cubic feet per second. There is another point in favor of 
the Reservoirs, viz.y that we should, I have no doubt, be able to sell the 
water at the site at probably nearly as advantageous terms as in the 
districts through which the canal runs. 

If the sale of 36,000 millions was eirccted at tlie sites of the Reser- 
voirs, we could always afford to keep the 20,000 millions recpiired for 
the canal, whether it was eventually wanted or not. 


Section III . — AViynmeui of Canal, 

The alignment of canal remains unaltered up to the 71st mile; it 

then runs nearly due east, instead of to 
Alignment oi Canal. soutli-cast as the Original line (lid. At 

77 f and 834 the canal crosses two Railway Feeder Roads: these will 
be carried over the canal by bridges, as shewn in plans Nos. 30 and 32. 
At 82 miles the canal pag^ses through some very low marshy ground ; 
here I ])ro])ose to place a large syphon culvert as per j>lan No. 31 ; from 
the 85th mile to the Koontce Nuddee there will be no extraordinary 
works required: I propose dro])ping the canal into the Koontee Nuddee 
by a double flight Lock of 8 feci lift each at a point onc-liitli of a mile 
south of the Railway Bridge : the Koontee Nuddee is tidal, and there 
is at all times of the tide snflicient wat^r. From the Lo(‘k to the en- 
trance to the llooghly the distance by the Koontee is 6 miles : this dis- 
tance might be reduced by making a cut along the line a h dotted red 
in sheet No. 15 ; the Railway Bridge over the Koontee has three 

2 L 
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water spans of 80 feet each, and there is 12 feet of headway at full 
tide : the canal along present line isOlJ miles long and 6 more along the 
Koontee to the Hooghly, making 97i in all; but by making the cut 
suggested to Trebenee Ghaut the distance would be reduced to 92^ : the 
cost of this cut would probably add Rupees 25,000 to the revised 
earth-work estimate, and a further sum of llupees 15,000 for a bridge 
over the Grand Trunk Road. 

Section IV. — Haulage on Canal, 

I have, as accurately as I am able, estimated the probable cost of 

haulage on the canal according to the 
Haulage on Canal. following data : — An 800-maund or 30-toa 

boat requires on the River Damoodah one manjee and eight men. 
Supposing that the same crew is necessary for the boat on the canal, 
the cost of the men^s wages per mensem will be Rupees 56, viz,. Rupees 
8 for the manjee and Rupees 6 each for the men ; adding Rupees 4 for 
rope, &c., Rupees 60 per mensem will about represent the cost of the 
locomotive power of the boat. I reckon that the boat will be able to 
make three tiips from the collieries to Calcutta per mensem, viz,, two 
days in the canal, four days for loading and unloading, and four days 
back for the empty boat; 30 tons of coal therefore will have been con- 
veyed 120 miles for Rupees 20; the haulage per ton per mile = 1 06 
pies, or a little more than i^l, j)er ton per mile ; this is assuming that 
the boat will return empty, which will rarely, I think, be the case. 

I find it very difficult to arrive at the cost of haulage on the East 
Indian Railway ; but I have, from the abstracts of receipts and ex- 
penses from January 1855 to June 1858, the time during which only 
the section from Calcutta to Raneegung© was open, made a rough esti- 
mate from which I make the haulage, then, about 3 to 4 pies per ton 
per mile : the way I arrived at this was by assuming that the passen- 
gers were carried on an average 30 miles, the goods 50, and the mine- 
rals, of course, the whole distance, riz,, 115 miles. I have been inform- 
ed at the Railway Office that the cost of haulage roughly is now 2^ 
annas per vehicle : the vehicles as a rule carry 7 tons ; the cost per ton 
per mile is according to this estimate pies, or id, per ton per mile. 

It has been stated in the 10th pai’agraph of the Government of 
Indians No. 2317. dated 29tb July 1869 that the facilities for sending 
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coal by the Damoodali to the Hooghly appear to tave been somewhat 
under-stated. From information I had received from the Bengal Coal 
Company I stated in my report that the cost of carrying a ton of coal 
by river to Moisraka was Rupees 3-8 per ton, not including losses. 
From the information I have since received from the same Company, I 
find that the actual cost of conveyance last year to Calcutta by river, 
including losses, was Rupees 7-8-11 per ton, and that this year it is 
Rupees 3-14-8 per ton, so that so far from being under-stated the 
facilities were really over-stated. 

The cost of conveyance of a ton of coal by Railway to Biddabatty is 
Rupees 4-8 per ton : here a tran-shipment is necessary before the coal 
can be made over to the purchasers. I will now make an estimate of 
what the probable cost of carriage by the canal would be. 

Say the boat is capable of carrying 40 tons, and that the first cost 
of such a boat is Rupees 4,000, and that 15 per cent of first cost is taken 
for interest and wear and tear of the boat, the monthly expenses would 
be as follows : — 

Rs. 

Charge of boat... ... ... ... 50 

Manjees ... ... ... ... 56 

Tolls through canal according to my estimate') 

(the Government of India suggest half of this) ) 

Sundry expenses 10 per cent of above ... ... 25 

Total ... 251 


or Rupees 251 for 120 tons of coal conveyed. In this case, too, the 
boat is supposed to return empty ; cost of conveyance to senders of 
coal, therefore, would be nearly Rupees 2-2 per ton. 

We have then the cost of conveyance of a ton of coal to Calcutta 
by the different routes as follows 

Rs. As. 


By Railway to Biddabatty (actual)... ... 4 8 

„ River Damoodah ... 312 

,, Canal ... ... ... ... 2 2 
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Ji is true that t&e coal would have to be convoyed from the pit to 
i]io canal, but so in the case of the Railway would it have to be convey- 
ed by b(jat from Riddubatty or Howrah to the purchasers, or to the 
Store-yard : then, a^ain, it is very true that the rail can be carried to 
the pit^s mouth, but up to date it has not been done so, except in one 
instance, in all the pits belonging to the Bengal Coal Company ; and I 
])resuino, if this decreased the cost of conveyance to any extent, it would 
have been done in all cases long ere this ; as it is, the average distance 
from the pits to the vail is 1 to 2 miles, and the coal has to be conveyed 
this distance by carts. 

In the 1:2th paragraph of the Government of India’s letter, 
it has been stated that the question as to whether steam power 
will be used on the canal cither for towage or caniage must at present 
be a matter of surmise : but it appears to me that it is no more a 
matter of surmise than that the carrying capacity of a double lin-e 
of rail is unlimit,(?d : the latter assertion is of course founded entii cly on 
Eur()|)ean cx])eri(‘nec, and is not the result of anything learnt from the 
worhing on Indian Railways, and if we quote the same expeiiciice with 
regard io canals, wc shall find that in almost every instance steam 
power has been used in England, and with invariable success ; to bear 
out my statement, I will give examples from a paper and discussion 
1liat took place at tlie institution of Civil Engineers in London in 
I'luvembcr 1800 . 

On the Gloucester and Berkley Canal steam tugs were placed upon 
llu* canal to do the work formerly done by horses ; the cost of towing by 
this inetbdd for five years was j-'.th of a penny per ton per mile, being 
a saving of not fiir short of ;irds of cost of haulage by horses, and this 
included interest oi cost of tugs, repairs, and renewals : for six mouths 
ending Soj)t ember lb()5, in consequence of a larger and more regular 
trade, the cost of haulage did not exceed of a penny per ton per 

mile. The em}doyiiicnt of steam power on this canal has been found in 
every way advantageous ; economy of work, increased speed, and the silt, 
which was before deq^osited on the banks whence it could not be easily 
removed, has, by the increased s])ced, been entirely removed from the 
sl()])Os to the bottom, whence it can he readily taken out by the dredger. 

On the Grand Canal in Ireland on a long level of the canal (25^ 
miles) towing steamers have been introduced, which can haul three 
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la^Ieii boat?, each carrying 40 tons^ at the rate of miles an hour: on 
lliis portion of the canal, since steam power has been iutvodacod, 
horses have been withdrawn altogether. 

On the Forth and Clyde and Monk land Canals the use of steam 
power has proved so successful that the number of steamers on them has 
increased from 1 in 1850 to 70 in ISGGj and it has been found that the 
cost of haulage by steam is to 7i</. per mile for 30 to 60 tons, 
while cost of haulage by horses is about O^d, per mile. I may add that 
the Forth and Clyde Canal between the Frith of Forth and Frith of 
Clyde is 35 miles in length, and in that distance has 40 Locks, with a 
rise of about 8 feet each and at distances apart of from 50 yards to 17 
miles. The Monklaiid ('anal, IjJ miles in length, has 10 Locks, 8 of 
which are double, each having a lift of 12 feet. Four tugs placed on the 
liegeid/s Canal in Septemljer 18G6 gave the cost of haulage for three 
weeks per ton per mile, and on this canal it has been found that 
Avlierc steamers were regularly used it became a very economical mode 
of conveying vessels in the canal. 

Steamers have also been used with great success on the Ashby-dc- 
In-zoucho Canal for canying* coal ; the speed varying from 14 to 5 miles 
an hour. Ontlie Grand Junction Canal the cost of haulage by Flngine- 
boat /M//, 70 feet in length, 7 feet beam, and drawing 4 feet when 
loaded, was *184 ol a penny per ton per mile, or -^d. per ton per mile. 

On the Aire and Caldcr Navigation steam power had been employ- 
ed since J83G, coiitined to the main line between Lce^ls, Wakefield, and 
Goole, a distance of 36 miles. Between Leeds and Goolo there were 
10 Leeks having a total fall of 66 feet, and between Wakefield and 
Goole 7 Locks, with a total fall of about 50 feet. Improved means of 
steam liaulage had been introduced in 1853, which had been continued 
and extended to the present time. The average cost of haulage by 
steam tugs carrying cargo for the past seven years had been *085, or 
“/jjrf. per ton per mile, at an average speed of 4*5 miles per hour, and at 
this speed the canal banks had sustained no injury. The cost of haulage 
by tugs solely employed for towing at a speed of 3 mil s per hour was 
n/L per ton per mile against stream and per ton per mile dowm- 

stream. 
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It appears, thens from the above examples that steam power has 
been used successfully on almost all the canals of Great Britain, and it 
must be remembered at the same time that none of the canals had been 
designed in the first instance for steam traffic ; they are nearly all small 
in section, and cost of working therefore is greater than it would be if 
there was a greater disproportion between the sectional area of the vessel 
and canal. 

In Holland and Sweden also, where the subject of steam traflSc on 
canals has been much studied, it has been found that steam power will 
always pay on canals ; such being the case, I think there is no doubt 
that steam power will be used on the Damoodah Canal, provided the 
section of the canal will admit of it : the number of Locks is nothing 
compared to the number on many of the canals in England on which 
steam power has quite superseded the use of horses. Supposing, there- 
fore, that steam power is used on the canal, the cost of haulage will be 
probably much less than my estimate, viz.^ \d. per ton per mile : on the 
Railway the cost of haulage is probably not less than % to 3 pies, or {d, 
to frf. per ton per mile : it is true that I have not taken into account 
the greater speed at which goods would be conveyed by the Railway, but 
this is a matter of no importance to minerals : regularity of transmission 
can be considered as certain by the canal as by the Railway, probably 
more so, as it is supposed that the reason which led to the offer by a 
private Company to construct the canal was principally to obviate the 
difficulties experienced by the Coal Companies in sending their coal by 
the East Indian Railway. There is another point which renders the 
comparison of cost of haulage between the Damoodah Canal and East 
Indian Railway more favorable than such comparisons generally between 
canals and Railways constructed between two places, viz.y that there is 
hardly any difference in the distance ; if anything, the canal is the 
shorter, whereas as a rule in England a Railway is generally much shorter 
than a canal between same termini. 

Section V . — Cost of Works. 

The estimate for earth-work shows a reduction on the original 
„ , estimate of 4^ lakhs of Rupees : this 

reduction is owing to a shortening of 
the canal by 9 miles, by which over one lakh of Rupees is saved, and 
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also by the very considerable reduction made in thejeross seel ion of the 
whole line from the 28th mile to the end : in the last portion the cross 
section of the channel is only three-fifths of the channel as originally 
designed. 

I have entered such drainage cuts as I consider may be necessary, 
and 1 have also entered the cost of cutting the channel from the Koon- 
tce to Trebenee Ghaut : this will shorten the distance into the Hooghly 
by nearly 5 miles, and will cost about half a lakh, viz.^ 25,000 for earth- 
work entered in estimate and the similar amount for a bridge to carry 
over the Grand Trunk Road. I have also entered Rupees 36,000 for a 
temporary road along the whole line of canal which it will be very 
desirable to make in the first instance. 


The designs for the head works remain as they were originally. 


Head Works. 


slight alterations having been made in 
the entrance Lock and head sluices. 


according to Colonel Anderson^s remarks. 


Locks and Falls. — ^Thc locks have been kept the same size as origin- 
ally designed, and this is ample for such steamers as have been used on 
the Severn, and which, I think, would answer particularly well on the 
Damoodah Canal : the steamers are 70 feet long, 12 feet beam, and 3i 
draught of water, fitted with a pair of small direct acting engines, work- 
ing direct upon a pair of twin-screws 2'-6" in diameter : such a vessel is 
capable of carrying 40 tons of cargo, and of tugging two or three canal 
boats with 30 tons in each. 


Should the traffic increase to such an extent as to demand more 
lockage room, it seems desirable to construct duplicate Locks. I have, 
however, estimated for a Lock of the size proposed by Colonel Anderson 
of 10 feet lift, and find that the cost is Rupees 9,000 more than for a 
Lock of same lift of the size estimated for ; if, therefore, it is decided 
that the Locks shall be made of the size proposed by Colonel Anderson, 
the cost of all the Locks will be about 2 lakhs of Rupees more than the 
present estimate, which has been of course increased by the additional 
thickness to the walls and other alterations recommended. I have 
designed the Locks so that tliey can be raised 3 feet at any time, when 
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the extra supply is carried hy the cannl ; the gates and quoins I have 
estimated to make the full height at onee. 


Tlie length of the falls I have arranged for the 1,500 cubic feet 
supply, diminishing the length in proportion as the water is abstracted : 
by a no great additional length it would be possible to pass the double 
supply, but the velocity would he much greater and the wear and tear 
considerable ; it seems preferable therefore to make duplicate falls when 
the extra supply is required than to give the additional length now. 
The body and wing-walls have been designed so that the additional 3 
feet in height can he given at any time. 


The designs for the aqueducts are according to the alterations allud- 
ed to in the estimates for the orginal 
designs ; they also have been designed 
to carry the extra 1,500 cubic feet. 


I have arranged for two escapes, one at the 12th mile and the other 

at 49i mile; the former is capable, 

Escapes. 

with 1 i feet of water going over, to 
discharge 1,000 cubic feet per second, and is supposed to meet ihe con- 
tingencies of one of the gates in the head sluices giving way; the other 
is at the Banka, and is capable of discharging 400 or 500 cubic feet per 
second, with a foot in depth going over. These two csca[)es will, I 
think, be ample : they are both very conveniently situated, as the water 
can be discharged into the Tumlah and Banka Rivers. The GGth mile, 
the point suggested for an escape by Colonel Anderson, is not a con- 
venient point, and is in some respects objectionable ; in the first pla(*e, 
the only channel that the water could bo easily discharged in would be 
the Damooduh itself, and water would have to be passed through the 
embankment by sluices, which would be closed when the Daino dali was 
above a certain height ; the escape, therefore, would be no escape proba- 
bly at the very time it was required. The water might be taken be- 
tween embankments to the Kana Nuddee, but this would involve an em- 
banked channel of & or 9 miles in length and the cutting away of the 
dams in the Kana itself. I think that the two escapes I have arrang- 
ed for will be sufficient, more especially as we have by the arrangement 
of the head works control over all the water that enters the canal except 
ihe rainfall. 
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Syphon Culverts. 


Where the canal crosses any pucka road I have arrans^ed^for bridgfes 
over the canal : through Burdwan there will be a bridge at the Look No. 63 

quite wide enough for the traffic at that 

Boa4 Bridges. ^ 

part, and I have arranged for two 
other bridges at the 54th and 55th miles ; by making a metalled road- 
way along the north bank of the canal along this distance, viz.j from 53rd 
to 56th mile, and having the roads turned to these bridges they will be 
ample, I think, for all the traffic. 

There is besides a bridge at each Lock *. at the oihc'r village roads or 
tracks which are ploughed up during the rains, ferry boats can be 
supplied when they are required. 

These will be given as originally designed at 1 mile 6 furlongs, 
^ ^ ^ ^ 3 miles 3 furlongs, and 18 miles 7 fur- 

longs, and there will be one more at 
82 miles. There will be 22 small syphon culverts in the first 28 miles, 
according to Drawing No. 5 ; 3 in the distance from 28 to 33 miles 
according to Drawing No. 18 ; 12 in the distance from 33 to 49 ; and 
30 in the distance from 49 miles to end, according to Drawing No. 23 : 
these with the drainage cuts I have provided will, I think, be ample to 
pass the drainage from one side to the other. 

The estimate for the land I have entered as in the original estimate : 

we shall certainly take up less, but I 
find from what we have already had to 
pay that my estimate was too low originally. 

I propose to build the following Bungalows along the line for the 
, ^ . residence of Officers and Subordinates 

Accommodation. 

and for the purposes of inspection : — 

1 Bungalow for Executive Engineer at Rughoonath Chuck. . .Permanent. 


ditto at 83rd mile 

Assistant Engineer at Rughoonath Chuck., 


ditto 

ditto 

ditto 

Sub-Engineer 

Quarryman 


at Singarun 
at Tumlah 
at 52nd mile 
at Rughoonath Chuck • 
at Mungulpore 


. ditto. 

. ditto. 
.Temporary. 
. ditto. , 

. Permanent. 
. ditto. 

. Temporaiy. 


8 
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1 

two-rooiped Inspection Bungalow at Tiimlah 

...Permanent. 

1 

ditto 

ditto 

at 24^ mile 

... ditto. 

1 

ditto 

ditto 

at 35th „ 

. . . ditto. 

1 

ditto 

ditto 

at 45th „ 

. . , ditto. 

1 

ditto 

ditto 

at 55th ,, 

... ditto. 

1 

ditto 

ditto 

at 65th „ 

. . . ditto. 

1 

ditto 

ditto 

at 75th ,, 

. . . ditto. 

1 

ditto 

ditto 

at 85th „ 

. . . ditto. 

] 

ditto 

ditto 

at 91st „ 

. . . ditto. 


9 

Drawing? No. 86 shews design for the Executive Engineer's bun- 
galows ; Drawing No. 35 for the two-roomed bungalows. 

Of these the bungalow for Quarryman at Munglepore has already 
been completed at a c^st of Rupees 1^500^ and the bungalow for Execu- 
tive Eugiiieer at Runhoonath Chuck and for Assistant Engineer and 
Sub-Engineer at that locality have been sanctioned and are in progress 

The bungalows according to Drawings Nos. 34 and 36 will be for 
resicleiices, and the inmates will pay rent at the rate of 7^ per cent 
on the cost. 

The bungalows according to’ Drawing No. 35 will be occupied by 
Overseers fr«’e of cost, leaving one room and a bath-room for the In- 
sj ecting Officer. 

Colonel Anderson in paragrai>h 29 of bis Note says that on a 
navigable canal, where the Oflicers and Subordinates will have facilities 
for moving about by water, and may live^ro temm boats, the provision 
of ehowkies is not required to the same extent as on some of the canals 
in the north of India. I dissent entire!)^ from this idea; the canal will 
not be navigable certainly for four years, and during that time the 
greatest inspection will be required, and it is vain to expect that 
such supervision will be effectual during the months from April to 
November if the acce mmodation afforded to Inspecting Officers is only 
that supplied by a tent or mere temporary shed ; and the suggestion 
regarding the Inspection Bungalows in connection with the Damoodah 
embankments being available for the canal would apply with about the 
same force to the hotels in Burdwan and Calcutta.- 
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lliere r.re only four Embankment Bungalows »parallel to the line; 
two of these are about 4 miles from the eanal, and one of the remaining 
two is near Burdwan, where it would hardly be required ; any one stop- 
ping near tliere would probably go in to Burdwan ; the remaining one 
might be made available if a road about half mile long was made, which 
would be passable during the rainy season. 

I have no hesitation in saying that it is true economy to provide 
efficient shelter. There are few men who care to stay in atentoratera- 
ponuy shed during the hot and rainy months of the year, and of the few 
that are indifferent to the inconveniences of heat and wet there is but a 
very small proportion blessed with constitutions tliai cun stand it. Wiili 
good shelter, such as the bungalows estimated for afford, the Officer or 
Subordinate can be as comfortable as in his own dwelling, and he is not 
driven to scamp the work for which the visit is made, and which may 
require his presence in the locality for some days. 

I have seen most of the Inspection Bugalows in Lower Bengal, which 
are of all descriptions, and I have no hesitation in saying that those 
einbankments and roads are in the best order which have in connection 
with them Inspection Bungalows that are comfortable and afford really 
good shelter against heat and moisture, and I do not think the Govern- 
ment have cause to regret the expenditure of a single penny that they 
liave incurred throughout Hengal for these Inspection Bungalows, The 


amount now estimated for is, I consider, the very least that be 

allowed, and is in no way in excess of reasonable wants. 

The whole expenditure wdll be as follows : — 

1 Executive Engineer's Bungalow and Office at Rughoo- Rs. 

nath Chuck ... ... ... 1^,300 

I ditto ditto ditto at 83rd mile .. . 14,806 

Z Assistant Engineer's Bungalows at Rughoonath Chuck 

and Tnmlah ... ... ... ... 18,440 

I ditto ditto at Singarun and 52nd mile ... 13,440 

! Bungalow for Sub-Engineer at Rughoonath Chuck ... 4,061 

L ditto for Supervisor at Munglepore ... ... 1,69 4^ 

1 two-roorned ditto at Tnmlah ... ... 4,770 

8 ditto ditto along line ... 40,520 


Total 


1,05,031 
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I have entered t!ie cost of distributaries as in the original estimate, 
as until they are surveyed and levelled, it will 
be impossible to obtain their cost accurately : 
their alignment has been determined from the cross sections of the 
country, which were taken to determine the main line of canal. 


Distributaries. 


Baling, making, and cutting Dams. 
Tools and Plant. 


I have allowed Rupees ^,00,000 for 
baling water and 2 lakhs for making tempo-, 
rary dams. 


The C(jst of Tools and Plant I have entered at Rupees 2,00,000. 

The cost of the whole Project is Rupee s 51,36^898 or 51J lakhs of 
Rupees. 


In the 14th paragraph of Government of India's letter No, 2347. 

Betumsfromimgatiou. July 1869, it has been ruled that. 

the questions which have been raised in the 


Officiating Inspector-GeneraPs Note will have to be carefully considered 
and replied to before His Excellency in Council can feel satisfied that the 
calculated returns from irrigation rest on a firm basis. Colonel Ander- 
son has j misunderstood the description given in my report, and has de- 
scribed a system of husbandry which applies in no way to the Huidwau 
district, nor in fact to any of the country that I am acquainted with 
commanded by the canal ; in the first place, Colonel Anderson states 
that the rice crop must already be raised by irrigation this is not 
the case j for^ out of the 000,000 acres of amtiu rice cultivation in the 
Burdwan district, nine-tenths of it probably are dependent entirely on 
the rainfall : it is quite true that every natural means of irrigating is 
taken advantage of ; many of the tanks and any cuttings either for 
roads or railways which are conveniently situated are utilized, and the 
water lifted from them on to the fields ; but the quantity of water so 
available is exceedingly limited : we have had ample proof this year of 
how thoroughly the rice crop of the Burdwan district is dependent on 
the rainfall: in August only 6 inches fell against 12 inches, the mean 
for the last 10 years, and the rice crop has consequently suffered so 
much in many parts of the district that it is supposed that it will not 
yield more than half an average crop : rain foitunately fell towards the 
end of August, othcrewi^e there would probably have occurred such 
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distress as would have proved, without further di|CUSsion, the utility, 
I might almost say the necessity, ©f a canal ; as it is, even the half 
crop is not yet assured, as the season holds out every appearance of 
being a peculiarly dry one. 

The cultivators apparently do not see the anticipated difficulty in 
practice of distributing water to the rice-fields. I have spoken to many 
§ince my original estimates were submitted, and they have all appeared 
delighted at the idea of a canal which would save them from their pre- 
sent necesssity of depending on the rainfall for their cultivation. lex- 
pressed a doubt in my original report as to whether the ryots would 
take water for the rice crop; but, as far as the Burdwaii district is con- 
cerned, I have no doubt wiiatever on the subject now, and I feci quite 
confident in my own mind that the ryots would pay for water for the 
rice crop willingly. 

In the 38th paragraph of his r^^port Colonel Anderson has gathered 
from my remarks something quite different from what I intended to 
convey : the dams made in the water-courses in the Hooghly District are 
more for the purposes of drinking, washing, and stocking fish than for 
irrigation ; in fact, for the latter purpose, there is not sufficient water (the 
dams being made at about i to ^ a mile apart), and the banks are so high 
that it would hardly pay to lift the water. I only mentioned the necessity 
of cutting the dams to drain the channel, as 1 con:;idered, and still con- 
sider, that the use of the filthy water of these stagnant pools, together 
with the defective drainage caused by the dams, has more to do with 
the so-called Hooghly epidemic than any other cause. In the Burdwan 
district the country has a fall of nearly 4 feet per mile ; drainage there- 
fore is easy enough and by the natural drainage channels that now exist. 
With regard to the Hooghly district, the surplus from the artificially 
irrigated fields would certainly gravitate to the lowest lands ; but these 
lands are already swamped to such an extent during the rains that no 
cultivation is possible till the cold weather ; they would not suffer more 
than they do now in the absence of artificial irrigation, but these 
swamps could all be easily drained so as to ensure their being cultivated 
in the rains; and if a scheme of drainage was carried out in conjunction 
with the irrigation scheme, there would be no difficulties such as are 
anticq ated, for the owners of the swamps would be able to raise a rice 
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crop during the raini?^ a great consideration with the Beugallee cultiva- 
tor, and MjJiatever water did come to his fields would be drained, if 
necessary, by the drains cut in connection with the drainage scheme. 

It is impossible to tell what the returns from irriofation will be ; 
but, judging from the statement of zemindars and cultivators and from 
the partial drought lhal has taken place in two consecutive years, at he 
time when the crop requires water,- and the necessity consequenily lor 
irrigation for the security of the rice crop, and from the willingness of 
the Bcngallee cultivator to adopt any measure that will improve his land, 
provided that the cost of sxich improvement is within his means, I think 
we may safely reckon on being able to dispose of all the water the canal 
can distribute at rates proi^ahly much higher on an average than have 
been estimated: this, together with the certain large profits from navi- 
gation, is quite sufiicient to recommend the construction of the canal to 
private enterprise ; while for the Government there is the additional 
great inducement of the assurance that the canal wull be tlie means of 
insuring the safety of the greater ponion of the staple crop of two of 
the most jiopulous and most fertile dislricls in India, a crop, too, whieh 
suflers now to seme slight extent every year, and which has suffered 
this year very considerably, from drought. 


1^^’om Commissioner of Burdwan*, to the Government of Bengal, — (3rd 

January 1870.) 


I have the honor to acknowledge the receipt of your No. 1700/. 
of 2nd September ; and, in reply, to submit, for the information of the 

Li eut-enani- Govern or, the reports, in origi- 
nal, as noted in the margin, with their en- 
closures, from the Collei^tors of Burdwan 
and Hooghly. If the reports are printed, I beg to be favored with copies 
of them. 


2. It will be seen from the replies of tlie Collectors that it is their 
opinion that very great benefits may be confidently anticipated from the 
irrigable properties of the projected Damoodah Canal. This opinion ap- 
pears to be supported by all the zemindars and ryots who have been con- 
sulted by those Officers. 
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3. With regard to the extent to which Irrigation is already practised 
in Hooghly and Burdwan, the evidence seems to me to shew tliat ifiere is 
no such tiling as irrigation in its scientific and systematic sense. To lead 
a little water from an isolated tank to an adjacent field is no more to be 
called irrigation than if that term wei*e applied to an English gardener 
watering his vegetables from a water-engine. The only thing approach- 
ing to a system of irrigation is to be found in the erection of a few bar- 
riers or temporary annicuts across the beds of a few rivers (such as the 
Darkissor and Selye in Ilooghly, or the streams mentioned in para- 
graph 20 of the Burdwan Collector's letter) to pen up the water in the 
cold weather, so as to lead it to a few of the neighbouring fields. But 
the area thus affected is^ very small ; and little, if any, of it will come 
within the range of the projected canal. If, however, this is to be called 
irrigation, the term may also be used to include the effect of the ordinary 
rains of heaven, which provide the water on which the growth of j®™ths 
of the ordinary crops is dependent, and this really seems to be the inter- 
pretation which must be attached to paragrajdi 41 of Colonel Anderson^s 
Note of 31st May 1869. 

4. Therefore, in reply to the remark of the Government of India 
quoted in the 4th paragraph of your letter, I should say that there is no 
present defective system of irrigation which the people are to be induced 
to give up. The defect with which it is necessary to deal is rather to be 
found in the irregular distribution of the annual rainfall noticed in the 
2nd paragraph of your letter, a defect which it is the express object of the 
canal to remedy. As Mr. Adley remarks in his Drainage Report — In 
all countries the provisions of nature in this resy)ect are irregular and 
iiiadecpiate, and require to be supplemented by artificial aids.^^ 


5. It is the rainfall, early or late, scanty or copious, which alone 
will affect the demand for irrigation water, if the cultivators are left to 
themselves from year to year to take water. If all the irrigable land 
within reach of the canal and its disbributaries is made liable by law to 
a certain rate for the use of the water, the cultivators will gladly avail 
themselves of the certainty thus given them, and the only dispute will be 
between them and the land-owners for their share in the profit as is saga- 
ciously pointed out by Baboo Joykissen Mookerjee, 
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0. It is, of coiK’se, a very interesting question to consider if the 
canal, coml^ined with a system of drainage, can be made to remedy the 
alleged unhealthiness of certain parts of the district. But it seems hardly 
fair to demand of the supporters of the canal that they are to undertake 
a sanitary system also. The' canal with its distributaries, as at present 
progected, will be a slight scratch across a tract of country which has not 
been specially unhealthy. If a scratch is made on a man^s leg, it is not 
expected to cure an organic disease in his chest. I fail to see how the* 
canal is to be made responsible for the removal of existent stagnant pools, 
except in an infinitesimal proportion, nor does there seem any sufficient 
reason to apprehend that there will be any such escape of surplus water 
from the canal into the irrigable lands as to interfere with, or increase 
the difficulty of, the general drainage of the country. 

7. With reference to the 7th paragraph of your letter, it may be 
safely affirmed that the only recognized proprietary rights as to water- 
supply are those arising from the formation of a few barriers or tem- 
porary anicuts across the bed of the rivers noticed above in paragraph 3 of 
this letter. But these barriers are always so slightly made that they are 
carried away by the first flood as soon as the rains begin. The Collectors 
of Burdwan and Hooghly both remark that the Civil Courts have recog- 
nized the right of the land-owners to erect such barriers, and they 
propose legislative interference with* these rights. I think that it should 
first be carefully ascertained if the projected canal will really interfere 
with any of those few rivers in which such barriers are constructed. It 
is surely not desirable to raise an alarm about difficulties which will not 
be met within the execution of this particular project. 

8. In the 38th paragraph of Colonel Anderson's Note it is stated, 
on the authority of Captain Garnault, that it is ,a common practice to 
throw bunds across the wato-courses, and he attributes the unhealthi- 
ness of the districts around Calcutta to this cause. But these bunds are 
of an entirely different character from those to which reference is piade in 
my last paragraph, and arc chiefly to be found in the beds of the Saras- 
wuttee and other old channels of rivers which have now silted up. The 
cultivators have taken possession of the beds of these rivers permanently, 
and I need only refer to Mr. Adley's report for a full description of them 
and of the bad effects produced by them. 



( 281 ) 

9. After a careful perusal of Mr. Adley^s report on the drainage of 
the Hooghly, I think it most undesirable that the question of the canal 
should be entangled with the question of drainage and sanitary improve- 
ments. The canal will stand or fall by its own merits. Its construction 
will confer a very great benefit on a portion of two of the richest^ and 
hitherto most neglected, districts of Bengal, and it will certainly be a profit- 
able investment of money, provided that the works are well and skilfully 
executed. The separate question of the drainage will also, I trust, soon 
meet with due consideration in connection with Mr. Adley^s reports, but 
there is no sufficient reason to permit it to impede the progress of the 
canal. 

10. I have had a careful search made in regard to the cases decided 
by the High Court regarding the use of the water and the rights apper- 
taining to it. There do not seem to be any cases of much importance 
laying down any very authoritative doctrines on the subject ; but, as the 
legal books of reference in my Office are not complete or numerous, it may 
be advisable to consult the Legal Remembrancer on this part of the subject 
if it is deemed necessary. 


From the Collector of Hooghly, to the Commissioner of the Burdwan 
Division, — (13th December 1869.) 

I have the honor to acknowledge the receipt of your letter 
No. 77. of the 30th November drawing my attention to the orders of 
Government forwarded with your letter of the 2nd September, calling for 
a report on the anticipated beneficial effects of the canal from the Da- 
moodah to the Hooghly. 

2. These instructions reached this Office some weeks before I re- 
joined this appointment. ^My predecessor, I find, called for the opinions 
of various zemindars in the district on the subject, but all the replies not 
having been received, my attention was not, I regret to say, directed to 
the fact of such a report having been called for until I received your 
reminder under acknowledgment. 

3. From the correspondence I perceive that the Collector of Hooghly 
has, on a previous occasion, rep6rted on the same subject, but this again 
was during my absence on leave, so that it thus unfortunately happens that 

2 N 
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tins is the first tim<j that the matter has come before me; and I hope that 
this circumstance may be taken as some excuse for any shortcomings in the 
present report. Your letter now calls urgently for a reply; and I there- 
fore think it better to state such facts as are within my knowledge, or that 
I have been able to collect from somewhat hasty inquiries rather than 
delay this report any further. 

4. In answer to Mr. Taylor^s letters, the zemindars have generally 
sent in replies favorable to the proposed scheme ; none of these contain any 
matter worthy of notice, except the letter of Baboo Joykissen Mookerjee, 
which I enclose. 

5. Tliat gentleman, as usual, discourses fully and intelligently the 
questions addressed to him ; and, as regards the probable demand for water 
for irrigating purposes, 1 think no better evidence could be had than that 
oi* this large landed proprietor, who states that he has re-dug and excavated 
no less than 50 tanks within his estates, and that, although he asks no 
rent, for the use of the water, he still finds that the outlay he has incurred 
is remunerative simply from the higher rents which he is able to ask for 
lands where the means of irrigation are thus provided. 

6. Another gentleman. Baboo Obhoy Churn Nundy, gives it as his 
opinion that the people will gladly make use of the water, provided they 
can get it at a trifling cost;^^ at present, he says, ^Hhe supj)ly of water cost 
tliem nothing but the labour.” 

7. The latter remark touches upon a subject of no little difficulty, 
viz,, the mode of distributing the water. For this no doubt the experi- 
ence of Orissa and the North-West Provinces will afford the best guide; 
but I would observe that at present it is not clearly understood whether 
when it is proposed to charge a certain rate perbeegah for water, it is in- 
tended that this is the cost of water actually supplied to each ryot on his 
land by contrivances for which he will not have to bear any portion of the 
cost, or only that he may take the water at the rate mentioned from the 
distributaries or other Reservoirs conveying it to his land as best he can. 

8. I need hardly point out how much the success of the whole 
scheme at starting depends on the ryot being able to secure at once a direct 
pecuniary advantage by the new mode of irrigation. 
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9. I will now proceed to notice more partlcftlarly the points to 
which attention is drawn by Colonel RundalFs letter No, 1799/. of 2nd 
September last. 

10. In paragraph 2 it is said tliat the Lieutenant-Governor desires to 
have a further report with reference to the question whether irrigation is 
now practised in this district, and to what extent. 

11. To make my reply to this question clear, I think it will be as 
well that I should state briefly what are the various kinds of land in this 
district which require irrigation, and also those in which irrigation is not 
practised. I do not find that this lias ever yet been clearly explained in 
the published correspondence, though, j^robably, it is well known to the 
Engineers who have made the preliminary enquiries on the subject of the 
canal. 

12. In the greater portion of the Hooghly district, and in all that 
portion w^hich the proposed canal will traverse, lands are divided into two 
principal classes. In the first division are classed the sona danga^^ or 
high lands. In the second are the sallee” or low lands. 

13. The ^^sona danga^^ lands are of several descriptions, the rent va- 
rying from Rupees 6 to 3 (I speak now of this one part of the district 
only) according to the quality of the land. 

14. The sallee^^ lands are similarly sub-divided into several classes 
according to the quality, the rent varying from Rupees 5 per beegali 
to Rupees 2. 

15. The sallee^^ lands, I perhaps need hardly explain, are so called 
from the fact that one crop only in the year can be grown on them. This 
is almost invariably the rice crop known as the “ amun” or hoymontie^^ 
crop, which is gathered in the months of December and January. 

16. These rice lands are under ordinary circumstances never irriga- 
ted, except for a few days in the month of October or beginning of Novem- 
ber after the rains have ceased. On some lands of this description the 
water lies all the year round ; on others the water remains from June to 
October. There would be no demand, therefore, under present circum- 
stances, for artificial irrigation for these lands, except at the season of the 
year I have mentioned, unless there should be a total or partial failure of 
the ordinary rains. In that case a plentiful supply of water at a critical 
time might, no doubt, save the whole crop from destruction. 
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17. It may> tMerefore, be safely said that there can be no certainty 
of any steady demand for water for the irrigation of this class of lands at 
any period of the year, though at any moment such a supply might be 
invaluable. 

18. As to the specific areas of each of the description of lands which 
I have mentioned, or the proportion which the high lands bear to the low 
lands in extent, it is impossible to make any approximate calculation. 

19. In the large village of Boinchee, near which the canal will en- 
ter the Hooghly district, out of 2,000 beegahs, 300 beegahs are danga^^ 
or high lands, but the extent of each description of land must vary in each 
part of the district according i ;0 the character of the country, and it cannot 
be said that the same propoition between the areas of the two classes of 
land will be found elsewhere. 

20. In the answer from this Ofiicc quoted by Captain Garnault, I 
see it stated that the ordinary weight of paddy produced from one acre of 
land is 15 or 18 maunds. This, I think, is probably a clerical error, and 
tliat it w'as intended to give the weight per heegah, as this would be a pro- 
per estimate. As to any difference in weight between rice crops artifici- 
ally irrigated and those not so reared, no opinion can be offered, as no rice 
crop is systematically reared by artificial irrigation, but the aous crop of 
paddy gathered in August is less in weight than the winter crop in the pro- 
portion of 12 maunds per beegah to 18 maunds. 

21. The average profit per beegah of sallee land which a ryot may 
expect to derive in this jiart of the district under favorable circumstances 
from a winter rice crop after payment of rent and all costs of cultivation 
would be from Rupees 8 to 7. 

22. The account would probably stand thus — 

Debit. Rs. Credit. Rs. 

Cost of cultivation ... ... 3 By sale of paddy ... ... 1 6 

Rent ... ... ... 5 Ditto straw ... ... 4 

Cost of reaping and storing, &c. 3 

Total ... 11 
Balance net profit per beegah ... 9 


Total 


... 20 
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23. Whether it would be possible to introduce an improve sjetecn 
of agriculture on lands of this class is a question on which hardly feel 
competent to offer an opinion. It may be, however, observed that at pre- 
sent a superfluity, and not a want of water, is the obstacle to growing 
other and more remunerative crop than rice on these lands. 

24. A thorough system of drainage must, therefore, precede any 
•attempt to alter the existing mode of cultivation ; but, supposing this to 
have been effected, as no difference exists in the soils of the two classes of 
lands, it is not credible that the ryots could be so blind to their own interests 
as to neglect the certain means of increasing their profits if placed within 
their reach. 

25. The other class of lands known as ''sonadanga” lands command, 
as 1 have already stated, the highest rents. 

26. From these lands in each year an ^^aoiis^^ crop of rice is usually 
first taken. This is gathered in August, after which potatoes, mustard, 
kullais of all kinds, such as peas, gram, moogh, mosoor and mashkullai, 
w^ater-mclon, radishes, barley, and vegetables of various kinds are sown. 

27. If, however, rice is not grown, and only a single crop is to be 
raised in the year, then either sugar-cane, cotton, turmeric, flax, jute, 
begoons, plantains, and in certain favorable spots the mulberry and lime 
trees are grown. None of these admit of a second crop, except jute. 

28. The aous” crop of rice is seldom artificially irigated, but in 
the month of June, should the first down-pour of rain be late, or the 
supply insufiicient, irrigation is resorted to. 

29. For almost all the other crops mentioned, artificial irrigation is 
indispensable, the quantity of water required varying according to the 
nature of the crop grown, sugar-cane requiring most care and irrigation 
during the whole time the crop is on the ground, while the various kinds 
of kullais require less than any other ; jute alone is seldom irrigated at all. 

80. The crops thus raised on these lands I should class in the fol- 
lowing order as regards value and the profits to be made out of them. 
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Th^sse being calculated after payment of rent and costs of cultivation 
of all kinds 

1st, — Sugar-cane per beegah, Rupees 40 to Rupees 30, requiring irri- 
gation throughout the year. 

Znd, — Begoons, plantains. Rupees 25 to Rupees 10 per beegah, 
requiring constant irrigation. 

ird , — An aous crop of rice, with a second, crop of potatoes, per 
beegah. Rupees 25 to Rupees 12. The rice requires little irrigation. 
The potatoes are planted in October, and must be constantly irrigated 
for the following three months : — 

4ftk , — A crop of rice, with a second crop of mustard, per beegah. 
Rupees 15 to Rupees 10. The mustard requires but little irrigation. 

hth , — An aous crop of rice, with a second crop of kullai of any . 
kind, per beegah. Rupees 8 to Rupees 6. The kullais require still less 
irrigation. 

Qik , — Jute per beegah. Rupees 8 to Rupees 7. This requires very 
little irrigation. 

31. Independently of these there are garden lands, of which the 
value of the produce depends on’ the species of fiiiit grown, and the age 
of the trees. Pdn^^ is also cultivated in some parts of the district and 
requires a plentiful supply of water. The profits are very large, but 
certain peculiarities of soil are necessary, and confine its cultivation to 
a few favored spots. 

32. I omit any estimate of profits from a cotton crop, as the cot- 
ton grown in this district seldom finds its way into the market, and is 
chiefly reserved by the cultivators for domestic use. 

Perhaps Rupees 10, or Rupees 12 per beegah may be considered a 
fair estimate of the value of a cotton crop. 

33. Water is never paid for. The cost of irrigation as practised 
in this district is simply the cost of the labour required for raising the 
water and conveying it to the ryot^s land. 
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34. The expense, therefore, necessarily varies according to the dis- 
tance the land happens to be from the Reservoirs from wliich^it has to be 
taken, 'whether that be a tank or a khall, and the amount of irrigation 
required for each particular crop. 

35. No one average, therefore, can be stated of the cost of irriga- 
tion per beegah. Perhaps it may be roughly calculated that the cost of 
irrigation for a beegah of sugar-cane during the year will amount to 
Rupees 4 ; while for a crop of potatoes, under ordinary circumstances. 
Rupees 2 or Rupees 2^ might cover the cost. 

36. From the above it will be perceived that the most remunera- 
tive crops are undoubtedly those which require constant irrigation, and 
consequently the kullais, and similar crops, are only grown wdien the 
supply of water is scanty. 

37. The facts and figures are, I fear, somewhat meagre ; but such 
as they are, I believe that they can be depended on as accurate, and they 
are sufficient to shew the immediate and certain advantage which must 
accrue from any system by which an abundant supply of water can be 
procured at a cheap rate. 

38. The rate mentioned by Captain Garnault, Rupees 3 per beegah, 
is certainly not too high ; but it would be a mistake to make any increase 
in the charge on account of a second crop on the same land, since the 
most profitable crops are often those which admit of no second crop. 

39. As regards the probability of the ryots taking advantage of 
the improved means of irrigation placed within their reach, I am of 
opinion that for the better class of lands on which sugar-cane, pdn, pota- 
toes, kullais and vegetables, and similar crops are grown, the use of water 
for irrigation is only limited by the supply, 

40. Ordinarily the water is not conveyed for more than four or 
five hundred yards from the tank or khall. 

Baboo Joykissen Mookerjee states that the custom in regard to 
the use of the water is controlled by prescription, and that the privileged 
ryots will on no account allow others to take the water, and that disputes, 
aflrays and bloodshed take place when a stranger attempts to encroach on 
their rights.^^ 
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41. I have myplf often noticed how small comparatively is the 
irrigated area on the side of a tank or khall, and what Baboo Joykissen 
states is no doubt the cause of this. 

The jealousy, too, with which the privileged ryots guard their 
rights even in years when water is plentiful, arises from the fear that 
what is permitted in a year of plenty may be claimed the next year as 
a right, when the supply of water is scanty. 

42. From all such facts it is clear that, provided the rate charged 
for water does not exceed the present cost of labor in raising it, the de- 
mand for water for irrigation will only be limited by the area of the lands 
in each village which are suitable for irrigation. The rate suggested by 
Captain Garnault, and even a higher rate, will, in my opinion, ensure 
such a demand, if it is intended that the water shall be supplied to each 
ryot on his land at this rate. 

43. In regard to the low lands on which throughout the district 
the amun rice crop is now raised, there will be no demand for water for 
irrigation, except in exceptional years, when the ordinary rain-supply 
fails ; but should an improved system of drainage enable other crops to 
be raised on these lands, there can be no doubt of an equally certain 
demand for water for irrigation for these lands. 

44. With reference to paragraph 7 of Colonel RundalFs letter, I 
beg to state that, beyond the prescriptive rights of the ryots to take 
water from certain tanks and khalls, the only rights, in regard to irriga- 
tion which I know of are those claimed by various zemindars to erect 
dams across the running streams of the district in order to keep back a 
supply of water, during the dry season, for the purpose of irrigation. 

45. The bad effects which have arisen to the whole district from 
this practice have frequently been represented. 

The numerous embankments raised have no doubt interfered with 
the drainage of the whole of this part of the country. These evils are 
noticed by Captain Garnault, and again by Colonel Strachey in the 17th 
and 19th paragraphs of his letter of the 29th July, and I need not more 
particularly refer to them« 
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46. I would only observe that the right to*these dams^ on proof 
of the practice having continued uninterruptedly for a period of 12 years, 
has been affirmed by the Courts. 

The Magistrate is, therefore, unable to interfere without running 
the risk of a suit for damages against himself personally, which the pro- 
prietors of this part of the country are only too ready to bring. 

47. 1 think that the interference of the legislature is urgently 
called for to enable the executive authorities to remove these dams or 
embankments, when, by the evidence of competent Engineers, it is 
established that such obstructions are interfering with the natural 
drainage of the country. 

48. From the indifference which has been displayed in regard to 
such matters hitherto, I fear tliat the evil has now attained a magnitude 
which can only be remedied by such an enactment as I have suggested. 

From Baboo Joykissen Mookebjeb, Zemindar, Otterparah, to the Offi- 
ciating Magistrate and Collector of Ilooghly, — (dated 28th Septem- 
ber 1869.) 

In reply to your letter No. 406 dated the 20th instant, enclosing 
copy of a letter from the Joint-Secretary to the Government of Bengal 
to the Commissioner of Revenue, Burdwan Division, I have the honor to 
submit the following opinion on the points mooted therein : — 

The irregularity in the periodicity and fall of rain in these districts 
during the last feW years was an exception and not the rule. It might 
be safely asserted that in the Burdwan and Hooghly districts, if not in 
the whole of Bengal Proper, there is a good fall of rain every five years 
out of every ten. In such years the projected canal water will be had 
recourse to only to a partial extent in irrigating such portions of the 
lands sown with om or miun paddy, where the fall of rain is scanty, and 
also for watering the cotton, sugar-cane and rubbee crops. If, however, 
the present obstructions to free and uninterrupted drainage be removed, 
and if the ryots find by a few years experience that the fertilizing pro- 
perties of the Damoodah water yield such a return over and above the 
average out-turn of previous years, that it more than compensates the 
expenses incurred on account of it, there will be an eagerness on their 

2 o 
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part to avail themselves of the canal water which might satisfy the 
highest expeptations. A few years back one would have been incredu- 
lous of the immense sums that are now freely spent by the ryots in the 
Hooghly and Burdwan districts in purchasing castor cakes for manuring 
their fields, and I am sure that with regard to the canal water the 
Bengal peasantry, will not be slower than any other class of ignorant 
men in chosing the standard in a contest of self-interest against anti- 
quity. As to years of drought, it is hardly necessary to say that the • 
canal water will be very largely availed of ; and, if the theory that the 
destruction of the forests and forest • trees is likely to make irregularity 
and insufficiency of rain ah institution^^ of the country, unfortunately 
proves to be true, then the means afforded by the projected Damoodah 
Canal for an unfailing and constant supply of fertilizing water for the 
purposes of irrigation will be a real boon to the country. 

With regard to the question whether or not the supi)ly of canal 
water to the ryots will interfere with any of the ];>roprietary rights of the 
landholders, I beg to observe that in the Hooghly and Burdwan districts 
the landholders have no sort of engagement with the ryots for the supply 
of water. Every ryot waters his fields in years of drought the best way 
he can, generally by drawing water from the nearest tank or khall. The 
zemindars charge no fee for the water taken from the khalls which run 
through their estates, nor is there any specific charge for w^ater taken from 
the tanks. The usual practice is that a certain number of the ryots rent 
a tank from the zemindar for a certain number of years, during which they 
divide the fish among themselves and draw water from the tank for irri- 
gating their lands in seasons of scarcity of rain. In some instances, not 
a few, when the tanks are situated in the open fields the ryots pay no 
rent at all, and the zemindar^s gomastah merely takes the fish. Water 
from such tanks is allowed to be taken only by those whose predecessors 
used to take it, and disputes, affrays and bloodshed take place when a 
stranger attempts to encroach upej^ “their rights. The usage, in this 
particular is entirely controlled by prescription, and the privileged ryots 
will on no account allow others to take the water. In years of extraor- 
dinary droughts however, when water fails in the irrigating tanks, the 
ryots apply to private individuals who have tanks in the locality, and pay 
lump sums for purchasing water for their fields. In the Hooghly and 
Burdwan districts most of these irrigating tanks and hhalh have more 
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or less gradually silted up, but in some places the tanks have been re-dug 
for the purpose of restoring them to their primitive usefulness. I have 
had about^ 50 such tanks re-dug and excavated in my estates j and^ 
although I receive no rent for the water taken from these tai^ks, I am, 
like other landholders and lakhrajdars, remunerated in another way, i. 
by the receipt of higher rents from the ryots whose lands are benefited 
by the tank than from those who have no such convenience. The 
facility thus afforded to cultivation is pretty well understood by the ryots, 
and lands are designated 1st, 2nd, and 3rd class paddy land, according to 
their position in reference to the irrigating tanks. 

When water for irrigation purposes will be supplied by a State Canal, 
and a separate fee charged on the ryots for the same, the question will 
naturally arise as to how claims for adjustment of rents by the zemindars 
will be decided. The landholders might justly object if they are debarred 
from enhancing the rent for increased produce of the soil, and the ryots 
might complain if they are made to pay water-rates as well as the nirick 
rate of rent. This is a difiicult question, and one susceptible of elaborate 
argument on either side. If the water-rates be, however, reckoned as an 
item in the costs of cultivation, and the zemindars be allowed to adjust 
the rent according to the steady improvement of the land, I think neither 
party will have cause to grumble. This question might, however, be left 
for ulterior settlement, when the experience of four or five years will 
enable the parties to discuss it on a more definite basis than at present. 


From W. E. Ward, Esq., Officiating Collector of Burdwan, to the Com- 
missioner of the Burdwan Division, — (dated 26th December 1869.) 

In reply to your No. 388T. dated 7th September last, with 
enclosures, calling for a report of the anticipated advantages of the 
Damoodah and Hooghly Canal, I have the honor to report as follows. 

2. The lands of this district may be regarded as divided into two 
grand classes — Sona and Sali. Sona lands are those which are situated 
nearest to a village ; Sali lands are those which are more remote. As the 
villages of Bengal are all built on the high lands of the country, Sona 
lands are necessarily high lands, and will not retain water ; whereas Sai^i 
lands are comparatively low and retain water more or less according as 
they are low or high. 
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3. Sana lands ane divided in this district into four classes, viz., Sona 
1st class, So^ 2nd class, and so on. A similar division is made with 
respect to Sali lands. The rate per beegah paid for Sona lands 'varies 
from Rupees 2 to Rupees 5 or Rupees 6; and for Sali lands, from 12 
annas to Rupees 2-8, or Rupees 3, a beegah. 

4. Sona lands produce generally two crops in the year, viz., aous 
paddy, and a cold weather crop. Sali, as a general rule, (to w^hich, how- 
ever, there are exceptions) produces only one crop, viz., the amnn or 
hoymontie paddy. 

5. The produce per beegah of every crop sown, whether it be sown 
on Sona or on Sali land, varies, of course, with the fertility of the land ; 
and one of the first points to which I directed my enquiries was to ascer- 
tain whether the difference in fertility between two classes of Sali, or be- 
tween two classes of Sona land, arose from difference of soil or from differ-- 
ence of level only. This is an important point to settle before considering • 
the anticipated advantages of irrigation, and the probability of the ryots 
taking water. 


6. As regards the Sali lands, I find there can be no doubt that the 
difference in class arises only from a difference of level. Those lands which 
are lowest, and which are capable of retaining much water, are called 1st 
class Sali lands ; those that are highest and throw off water quickly are 
called 4th class Sali. As a rule there is no difference of soil between one 
class of Sali land and another, except that which may be caused by artificial 

manuring. The capacity of Sali land to 
retain water alone determines its class.* 
We thus arrive at a veiy important fact, 
which has been admitted by nearly every 
ryot of this district whom I have questioned 
on the subject, that it is possible, by increasing water-supply, to convert 
8rd class Sali land into 1st class, or, in other words, to increase the 

profits of a ryot holding 3rd^ class Sali 
lands by nearly Rupees 5 a beegah 
annum. ^ Fourth class Sali might similaidy 
be converted into 2nd class. I do not 
think we could go so far as to expect the canal to convert the worst class 
Sail into 1st class, because these lands are so very high that the water 


* Nots. — The Jol lands form an 
ezoention to this general rule. These 
are tae very low rice lands which lie 
along the natural drainage channels of 
the country, and which, when the rains 
fall, receive all the fertilizing scourings 
of the villages situated on high lands 
through which those channels pass. 


t FWe estimate of ' annual profit 
firom amun sown (1) on Ist class and 
(2) on 3rd class SaUt as given in the 
statement of Crops subjoined to this 
report. 
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would run off, or percolate, to the low lands very mpiflly, and the demand 
for water on these lands, even supposing it could be met by the cand, 
would be so great that there would be danger of flooding the low lands, 
and moreover much water would be wasted. 

7. It has been stated by some that there is a difference of soil between 
the several classes of Sali, but careful enquiry has removed in my mind 
all doubt on this point. The superior classes of Sali are, I certainly 
find, often more manured than the inferior classes, but the reason for 
this is clear. If a ryot can satisfy himself that as much water will be 
supplied to him as he wants he will manure his land. If he cannot get 
water he will not waste manure. 

8. With respect to Sona lands the case is much the same; acces- 
sibility to tank water, or what is, as a general rule, the same thing, proxi- 
mity to a village, and the amount of artificial manuring to which the 
lands have been subjected in past years alone determines its class. 

9. Nor can it be said even that there is any natural distinction 
between the soils of Sona and Sali lands. This distinction between these 
two grand classes of land arises also, I think, solely out of a difference 
of level and a difference in the amount of artificial manure given to each 
class of land. All lands near to villages are Sona lands, simply because 
they are near, and are, therefore, high and close to village tanks, and 
because they receive the greater share of the village manure available. 
If there were any natural distinction in soil between Sona and Sali lands, 
how is it that every villagelias been built exactly in the centre of Sona 
land. I do not think it can be said that the sites of villages were origin- 
ally selected with a view to the qualities of the land to be comprised in 
each village. Had this been the case, we must have expected to find 
many villages situated in law lands. The fact is that all villages have, 
for obvious reasons, been built on high lands, and it is the existence of the 
village which has alone made the soil of the Sona land what it is. 

10. I have entered thus fully into this matter, because another point 
which in my enquiries I have sought to determine is whether it is not 
possible to convert Sali lands into Sona^ in the same way as I have found 
it possible to convert one class of Sali into Sali of a superior class, Sona 
land, as I have stated, produces generally two crops in the year. If 
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cfinal water supplied^aa often as required is capable of converting S^li 
land into 8om, it is needless for me to say how great will be the boon 
conferred upon the ryots of ihis district. 

11. Now> as a fact, I find that there ate Sali lands in this dis« 
trict which do grow a double crop, but only those lands have been selected 
which are accessible to artificial irrigation. The area of lands of this 
class growing a double crop is necessarily very small, for tanks at a dis- 
tance from villages, and outside the limit of Sona lands, are rarely seen. 

12. The main objection to sowing a rtihbee crop on Sali land is that 
amun paddy, being, as a rule, the only crop cultivated on those lands, is 
reaped too late to allow of land being got ready for a sowing in season of 
any rulbee crop ; and moreover, in the lower, or first class Sali lands, 
water often remains on land after the amun paddy has been cut, and 
cannot easily be drained off. The land, therefore, is not in a fit state to 
receive seed. 

13. This objection in the case of low Sali lands may be left out of 
consideration. I do not think that Salt 1st class lands constitute more 
than ith of the entire Sali lands in the district ; 3rd class Sali may be 
estimated at about fths, and the other two classes at l-ths each. The 
question, therefore, is whether, reckoning the Sali lands as constituting 
§rds of the whole district, it would not be possible, by the introduction 
of canal water, to make 3rd and 4th class Sali lands, i. e., 

nearly one-half of the whole district, produce a double crop instead of a 
single one as it now does. 

14. If the lateness of the year at which the amun crop is cut is an 
insuperable obstacle to the sowing of any cold weather crop on the same 
land — and I am not altogether sure that it is so — there are two other ways 
in which a double crop might be reaped from these lands. The first is 
by not growing amun at all upon them, but only aou8, which is reaped in 
August and September, and the second is by growing a different kind of 
amun^viz,^ that known as "early amun” on the lands* alluded to. 
This course is the one which I think would be adopted, because amun 
is more profitable than aous, Aom paddy is cheaper than amun^ and 
the straw is not fit to sell. Aom is also very indigestible and unwhole- 
some, and therefore not in demand, except amongst the very poor classes. 
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15. I need not discuss this question further. ^ The above remarks 
will suflS.ce, perhaps, to show what an inestimable boon the canal water 
will bestow upon the ryots of this district. From the many ^ryots with 
whom I have spoken on the subject, between this and Ranee^nge, I can 
say that, excepting the very poor and least intelligent classes, the 
ryots themselves are fully alive to the benefits they will derive, and, with 
few exceptions, are quite willing to pay for those benefits. The 
complaint of the agricultural classes, between this and Raneegunge, 
appears to be universal that the rainfall is very deficient. A full crop 
in this district rarely occurs, perhaps once only in six years. The 

out-turn of the current year may be estimated at not more than 12 
annas. 

16. As regards the rate per beegah the ryots would pay for water, 
I should say in this district they would willingly give for rice lands the 
rent of which was Rupees 3, 8 annas a beegah, and less in proportion for 
lands bearing a lower rent. In the case of ruhhee crops the rate might 
be from 4 annas to 3 Rupees a beegah, according to the estimated profit 
per beegah from the crop which is being grown. Subjoined to this report 
is a statement which I have drawn up of the principal crops sown in this 
district, and the profits per beegah from each as estimated by me after 
careful enquiry. This statement may also serve to elucidate many of the 
remarks made above. 

17. I may state that, during my enquiries on this subject, I was 
often questioned by the ryots as to whether the canal water would bring 
with it any silt in suspension. The more silt that the canal water can 
be made to carry with it the higher will be the rate per beegah which the 
ryots will pay for the water. The fertilizing effects of river water are 
well known, and no ryot will irrigate his land with tank water if he 
can get river water. I think also I may go as far as to say that a ryot 
would sooner pay for river water with silt in it than take tank water for 
nothing. I fear that during the dry weather the canal water cannot be 
expected to carry much silt in suspension. However this may be, I 
think every endeavour should be made to get the water to cany 
as much silt with it as possible, both in the dry and rainy seasons. 
This will, get rid of another objection which I have heard urged 
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to tlie cultivatioi^ of Sali lands with two crops, viz,^ that, as a 
double crop cannot he successfully grown on any land unless well 
manured, )Sali lands cannot be expected to produce two crops ; firstly f 
because the amount of manure available in a village is not, as a rule, 
sufficient to manure all the village lands ; and secondly , even if manure 
were available, the ryots would not find it worth their while to convey 
manure to such a distance from their villages. I do not attach any 
weight to this objection, but admitting it to hold good, the flooding of 
the Sail lands with water hearing silt in suspension will dispense with 
the necessity of artificially manuring the Sali lands, if not altogether, at 
least to a very great extent. 

18. When I say that the lyots will pay so much per beegah for 
canal water, it must of course be understood that they will not all come 
forward at once. They will undoubtedly hang back for a time ; but if 
the rates are fixed and canal water denied to any one except at those rates, 
the better class of ryots will not be long in coming forward, and 
their less intelligent brethren, on seeing the effect of canal water, will 
soon follow in their wake. 


19. Without even going into the question at all as to whether Sali 
lands can or cannot be made to produce two crops in the year, and taking 
only a broad view of the matter, I may say that I have not yet met a 
single ryot in this district who has not admitted to me that, if his Sali 
lands, of whatever class, (except, perhaps, the 1st class Sali which, as a 
rule, retains as much water as it wants,) had as much water given to 
them in season as th^y required, the weight of the paddy produce per 
beegah would be half as much again. This being so, it is not possible to 
conceive that any ryot would be so bigoted or blind to his own interests 
as to refuse to pay for canal water, 

20. As regards the system of irrigation now practised in this dis- 
trict, I find that artificial irrigation is practised to a very small extent. 
Tank irrigation extends over a very limited area. All the tanks of a 
village are not available for irrigation. There are bathing tanks and 
irrigatiou tanks. From the latter water is conveyed by small channels 
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to distances varying* in different villages from 500 yards to lialf a mile. 
Irrigation also takes place from some of the small streams which intersect 
the district, such as the Singarun and Tumlah Rivers, and Hie Khurrea, 
Banka and Konoor streams. Irrigation from these streams and rivers 
requires much labor. Bunds have to be thrown across and the water lifted 
to a considerable height, in consequence of the high embankments. If, as 
Captain Garnault gives me to understand, the only labor required from a 
ryot when watering his fields with canal water will be to excavate a small 
channel from the nearest point of a canal distributary to his field, there 
can be little doubt that the present system of irrigation from rivers and 
streams, if not also tank irrigation, will speedily be abandoned by the 
ryots, 

21. I notice that Colonel Anderson, in the 37th paragraph of his 
note of the 31st of May last, states that the rice crops must already be raised 
.by irrigation, I do not know upon what facts this statement is based. 
Possibly the statement made by Mr. Lockwood, the Collector of 
Hooghly, that irrigation is carried on generally thoughout the Hooghly 
district, and that the area irrigated may bo considered as nearly equal to 
the area of the whole district, may h^ve been Colonel Anderson^s autho- 
rity. I can ceaiainly, however, say that, whatever may be the case in 
Hooghly, the area of rice land watered by artificial irrigation in the 
Burdwan district bears a very small proportion indeed to the total area 
of rice lands cultivated. 


22. The Government of India and Colonel Anderson have also 
raised the question as to whether irrigation from the Damoodah by flood- 
ing the low lands, which have already as much water as they require, niay 
not prove absolutely injurious unless the ryots can be induced to give up 
the present system of irrigation. This is perhaps a question which the 
Superintendent of Works can better reply to than I can. As stated above, 
however, I have little doubt that, after the completion of the canal with its 
distributaries, the ryots will soon abandon their present system. , Then 
again, when it is borne in mind, as the Superintendent of Works informs 
me that the general fall of the country in this district is from the bed 
of the Damoodoh about 4 feet in the mile, there is little fear of water 
stagnating in the low lands. 

2 ? 
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23. I observe that, in the correspondence published in the Gazetie 
of India of the 19tfi August last, and also in the Bengal Government's 
letter forw^irdcd with your letter under reply, allusion is made to the 
combining of a system of irrigation with that of drainage. The Govern- 
ment, however, are probably aware that, whatever may be the case in the 
Hooghly district, the Burdwan district requires little or no drainage. The 
canal and its distributaries will, of course, not serve as drainage chan- 
nels, as these will run along the high lands of the country j the distribu-% 
taries however. Captain Gamault informs me, will be ultimately 
led into the drainage channels, the Irrigation Department, by so 
doing, undertaking to drain oft‘ all water which may be artificially sup- 
plied from the Damoodab. 


24. Another question which has been raised is the difficulty which, 
may arise in dealing with proprietary rights, with regard to water sup- 
ply, and whether, if any such rights exist, the difficulties are so insuper- 
able, as that no satisfactory arrangements for their removal can be come 
to with the proprietors. I expect this is a question which has reference 
more to the Hooghly than to the Burdwan district. The system, how- 
ever, of throwing bunds across rivers and streams, as alluded to in 
paragraphs 38 and 39 of Colonel Anderson^s note, does prevail to some 
extent in this district. It prevails, I am told, on the Singarun and 
Toondla Rivers, and on the Khurrea, Konoor, and Banka, and perhaps 
some other streams. The water from the distributaries will, as before 
stated, ultimately fall into these streams, and, as Colonel Anderson 
observes, the canal water, thus accummulated in these streams, may be 
used by the ryots, and it will not be in the power of the Irrigation De- 
partment to compel them to pay for its use. 


2o. I do not myself think that the Government has any occasion 
to think very seriously of this question. Colonel Anderson says that it 
wdll be difficult to prove wbat particular water irrigates a field — canal 
water thus bunded in streams, or canal water proper.. I think, how- 
ever, the Irrigation Department could, without difficulty, make arrange- 
laaents for ascertaining this in every case, and, even if they cannot, the 
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area which these streams will be able to irrigate wiU, I think^ be very 
small in- comparison with what the canal and its distributaries can 
irrigate, particularly when it is borne in mind that comparatively the 
streams alluded to run along the low lands of the district, whereas the 
canal and its distributaries run along the highest lands. 


26. Prescriptive rights to throw bunds across streams undoubted- 
ly do exist, and, I believe, have been upheld by Courts, but I think it 
would be waste of time to speculate what the people will do hereafter, 
or to attempt now to come to any arrangements with proj)rietors. 
Should the Government afterwards find that the hund system still con- 
tinues in force, and that their interests are being injured by the amount 
of canal water which the people are able by this system to utilize for 
irrigation purposes free of charge, special legislation must be resorted 
to ; it would be futile to attempt to make any private arrangements 
with the proprietors. I do not, however, anticipate any difficulties 
under this head. The bund system owes its origin to want of water, 
and so, I think, a copious supply of water will suffice to destroy that 
system. The area capable of being irrigated from streams is, as I have 
said before, small, and the labor of lifting the water over the high 
embankments is such as the ryots would gladly pay something to 
avoid. 


27. I have now reported upon all the points I’aised by Govern- 
ment with respect to this canal. 1 only wish to add, with reference to 
the reply given by my predecessor to the sixth question proposed by 
Captain Gariiault, as given at page 1105 of the Gazette of India, dated 
21st August last, that Sali 1st class land, excepting those which already 
get as much water as they require, will, if irrigated in season by canal 
water, produce certainly 25 maunds of paddy per heegah and, in some 
cases, more. It is not water alone which effects this, but a ryot, as 
before stated, will, if he knows that he can get as much water as he 
likes, and when he likes, take more pains to manure his land and render 
it as productive as possible. Water and manure combined will increase 
the produce per beegah half as much again ; some say will even 
double it. 



Statement of Crojis grown in the Bnrdwan District, 
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Name of Crops sown. Date of sowing. Date of cutting. | 
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The profit derived from this crop, 
as grown on Sali 3rd- class, of which 
the greater portion of this dis- 
trict is composed, may be cnltiva- 
ted as follows : — 
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reaped in By sack (15tli April). 
Aous is then sown and reaped in 
BhadrO) (August and September). 
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From Commissioner of tlieBurJwan Division, — (daieJ 25tli June 1S70.) 

Copy of the following forwarded to the Secretary to ^lie Govern- 
ment of Bengal, in continuation of this Office No. IT. of the 3rd January 
last, with the request that he will cause the proposed corrections 
to be made on the copies of the printed enclosures alluded to by the 
Collector. 


From Collector of Burdwan, to Commissioner of the Burdwan Division, 
— (dated IGth June 1870.) 

In the statement submitted with this Office No. 506 dated 21th 
Deceniber 1869, reporting on the anticipated advantages to be derived 
by the Damoodah and Ilooghly Canal, I estimated the net profits from 
JSali 3rd class land to be as follows : — 

Rs. As, P. Rs. As. P. 

Gross produce pt'r bcegah, 8 maiinds, 

at 1 4 maunds the Rupee ... 550 

Deduct rent ... ... 14 0 

Labor (if employed) in cultivating and 

storing... ... ... 2 8 0 

3 12 0 


Nett profit ... 1 9 0 


2. For the above estimate should be substituted the following : — 


Gn ss produce per beegah, 8 maunds, 
at 1 4 maunds the Rupee 
Ditto of straw, 8 pons, at G pons the 
Rupee ... 

Deduct rent ... 

Labor (if employed) in cultivating and 
storing, &c. 


Rs. As. P, Rs. As. P, 
5 5 0 

15 0 

a 4 0 

2 8 0 

3 12 0 


Nett profit 


2 14 0 



I m ) 

8. It will be 6bserved that I omitted to include ia the ryot^s 
gross profit^ what he would realize by the sale of straw. 

4. As the error is a material one affecting the question of the 
water-rate to be levied from ryots who hold lands of this class^ I request 
the favor of your sending a copy of this letter to Government, in order 
that the necessary corrections in the printed copies of the enclosure of 
my letter above alluded to may be made. 


Prom the Government of India, to the Government of Bengal, — [10th 

June 1870.) 

I am directed to acknowledge receipt of your letter No. 2467. 
dated 7th April 1870, with reports and revised plans and estimates of 
the proposed canal from the Damoodah to the Hoogly ; and in reply to 
state that they will be forwarded for the consideration and orders of 
the Secretary of State. 

3. Meanwhile His Excellency the Governor General in Council 
desires that the expenditure on preliminary operations at the head 
works may be suspended. 

3. I am to request that the attention of His Honor the Lieute- 
nant-Governor may be drawn to the Secretary of Statens despatch No. 
98 dated 12th October 1869, in which a hope is expressed that no heavy 
expense will be incurred until the project is fully matured. Now^ 
while the estimates as revised are full and complete, and in every way 
creditable to the Officer who prepared them, His Excellency the 
Governor General in Council, notwithstanding the strong recommendation 
in favor of the scheme of His Honor the Lieut enent-Governor and of 
various Officers who have been consulted, is not satisfied that the 
Government in carrying it out would be secured from financial loss, 
owing to there being no certainty that the people would taker the canal 
water regularly. And, moreover, the possible effect of the recent dis- 
covery of coal at Midnapore has also to bo considered. Should it 
result in a coal field equal to that at Raneegunge being found at that 
place, or in the neighbourhood, one of the principal objects to be gained 
by the formation of the proposed canal would no longer exist, since 
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the Miclnapere Canal, which is lltcely to be opened within the next two 
years, would furnish a much shorter route for the conveyance of coal to 
Calcutta. 

4. Under these circumstances. His Excellency the Governor 
General in Council is unwilling* to incur any further expenditure on the 
work without the express anthority of the Secretary of State. 

From the Government of India, to the Government of Bengal, — (dated 

10th June 1870.) 

In continuation of Public Works Department letter No. 2487. 
dated the 10th instant, I am directed to forward, for the information of 
the Hon^ble the Lieutenant-Governor, the accompanying extract from a 
Note by the Officiating Inspector-General of Irrigation, and copy of a 
Despatch addressed to the Secretary of State on the Datnoodah Canal 
Project, 


JEiHract of a Note by the Impector-General of Irrigation. 

In paragraph 3 of the letter from the Government of Bengal, 
it is explained that the Lieutenant-Governor has caused the terminus of 
the canal to be changed from the site first proposed to Trebenee Ghaut, 
in deference to the opinion expressed by His Excellency the Governor 
General in Council, but that he believes that the continuation of the 
Canal to Calcutta will be required eventually, and that it is certain that 
the longer it is delayed the more expensive will the purchase of the 
necessary land be found. This must be quite true, but I may remark that 
the suggestion to make Trebenee Ghaut the terminus did not originate 
with the Government of India, but with the Chief Engineer, who, in his 
first report, paragraph 12, states that it may be advisable not to carry 
the canal so far even as Serampore at first, but to lead it instead to the 
Hooghly at Trebenee Ghaut; and he adds that the connection with the 
Hooghly might then be effected a little more quickly, and the branch to 
Trebenee Ghaut would, even after the extension to Calcutta, be still 
always useful. 

The proposed arrangements for the distributaries appear to me to be 
satisfactory, A list of the distributaries, the supply of each, and the 
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area each will he capable of irrigating, is furnished in Captain Garnault^s 
report ; ai>d as the alignments have been determined from actual cross 
sections of the country, no noaterial alteration ought to be necessary in 
carrying them out. On the explanation given, the estimate of cost of 
the distributaries may, I think, also be accepted as approximately correct. 

A summary of what has been done on Reservoir exploration is 
given by Captain Garnault in Section II. of his report, which is likely* 
to be useful hereafter ; but as the present project and the proposed Reser- 
voirs may be considered separately, and may each be judged on its own 
merits, it is (piite unnecessary to postpone a final decision about the 
csinal until the economical practicability of constructing Reservoirs 
shall have been determined. 

The slope and dimensions of the canal have been altered in the 
manner suggested in my Note on the original estimate, though the 
Chief Engineer as well as Captain Garnault still consider the former 
arrangement to be the best. On a technical question of this kind, I 
should be sorry if an arrangement were forced on the Chief Engineer 
against his own convictions, unless a positive advantage could be clear- 
ly proved in its favor. And in this case the suggestion was only 
offered for the consideration of the Bengal Government: its adoption 
was not imperatively called for. Doubtless, Colonel RundalFs opinion 
should carry great weight, and sincp his own experience has not led him 
to attach much importance to the disposal of silt, since he has not 
found its removal on canals, similar to that under consideration, a 
matter of much practical difficulty or expense, I should be glad if he 
were allowed to follow his own plan, on his simple assurance that the 
Damoodah Canal would be under similar conditions, as regards silt, to 
the other canals on which he has been engaged. But the facts given 
in the Chief Engineer's own report seemed to lead to a different con- 
clusion. If, as be stated, the muddy water of the Damoodah would 
quickly stanch the embankments and fill in the hollows ih the bed 
to a uniform level, it must be evident that the process would not stop 
there unless the velocity were to be kept up* to a uniform standard 
in the different reaches, which, however, the designs did not provide for. 
Allowing that Captain Garnault^s estimate of the possible deposit of 
silt and the cost of removing it annually (Rupees 40,000} is a highly 
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exaggerated one, and that one-third or one-fourth o£ the amount stated 
would more nearly represent the actual silting, still it must evidently 
be very desirable to keep silt deposits out of the main channel alto- 
gether if possible, since their clearance could only be effected by the 
expensive process of dredging or by a closure of the canal. On the other 
hand, the report of Captain Garnault and of the Revenue Oillcers 
contain ample evidence of the importance attached by the cultiva- 
tors to obtaining water for irrigation loaded with the fertilizing 
mud brought down by the freshes of the Damoodah. Captain Gar- 
nault states that it is not certain that the income derived from the pro- 
duce of tlie whole land on account of the heavier produce of the land 
fertilized by the Dainoodah deposits is not as great now as it was before 
the river embankments were removed, though the land is otherwise 
liable to injury from excessive inundation. And the Collector of 
Burdwan thinks he may go so far as to say that a ryot would sooner 
pay for river water with silt in it than take tank water for nothing ; 
and he urges that every endeavour should be made to carry as much 
silt with it as possible, both in the dry and rainy seasons. Thus it 
would appear to me very desirable, both on engineering and financial 
grounds, to prevent silt from accumulating in the Main Canal by keep- 
ing the velocity of the stream, as closely as circumstances will permit, 
to the standard which will allow of its being carried forward in suspen- 
sion to the minor distributive channels and by means of them to the 
fields. 

The Chief Engineer deprecates the reduction of the width of the 
canal to a minimum of 40 feet at bed and 60 feet at surface. The 
Government of India, however, approved of arrangement being made 
for subsequent enlargement to a width of 55 feet at bed and 75 feet at 
surface. What the Chief Engineer recommends is, that provision may 
be made for future enlargement up to 90 feet at surface or 15 feet more 
than the above. The width of the Locks is however retaind at 17 feet 
and length at 100 feet, instead of the dimensions proposed by the Govern- 
ment of India, and, indeed, ordered as a standard for first class canals, 
viz.^ 20 feet wide by 150 feet long. The reasons for preferring a smaller 
Lock are given in paragraphs 7 and 8 of Colonel RundalFs note. 

It is proposed to add a second Lock hereafter, if further accommoda- 
tion for traffic is required, and this might be built, it is said, without 

% R 
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closure of the cauaj, which would no doubt be a great advantage. Two 
Locks, 100 feet by 17 feet, would, however, cost more than a single 
Lock 150 V 20, by £50,000 for the whole canal, and they would, 
moreover, require two establishments instead of one. 

A quotation is given from an American pamphlet in support of the 
above views regarding the width of the channel. It would .appear, 
however, that, so far as this example offers any proof in favor of a wide 
channel, it is equally conclusive in favor of large Locks. The American 
Engineer decided on designing his canal for the employment of steam 
power, on giving it a width at bottom of 70 feet and at top of 80 feet, 
and the Locks a length of 160 feet and width of 35 feet. The width of 
the channel was thus sufficient to allow of two steamers passing 
each other. As the Lock recommended by the Chief Engineer for the 
Damoodah Canal is only 17 feet in the clear, while the Government of 
India authorized provision being made for a final width of channel of 
55 feet as a minimum for the bed, I conclude that the largest-sized boats 
that could pass through the Locks could ply with as much convenience 
in a channel of that width as the steamers in the other case. However, 
Colonel Kundall only asks for a width of 15 feet more than the Govern- 
ment of India allowed, and as the recommendation of His Honor the 
Lieutenant-Governor is given in its favor, I think it may be allowed, 
especially as the increase need' not be given till proved by experience to 
be desirable or necessary, and as therefore the only extra expense which 
w^ould be entailed in the first instance would be in the purchase of the 
above additional width of land. 

As regards the Locks, however, I am of opinion that they should 
not be less than 150 feet by 20 feet. The larger the Locks are the 
more economically can steamers carrying their own freight be worked, 
and it seems necessary to make some provision at all events for the 
possibility of steam-power being introduced on this canal. 

I am also of opinion that the great number of Locks on the proposed 
canal, 20, of which three are double Locks, would be an insuperable 
objection to the employment of steam for the. haulage of cargo boats. 
Captain Garnault seems to have mistaken steam carriage for steam 
haulage, and he should have explained that, in nearly all the instances 
he has given ol the employment of steam power on the English or Scotch 
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canals^ it has been either on single barges or ab)Dg reaches of canal 
without Locks, 

Thus, it is said in the proceedings to which Captain Oarnault refers 
that on the Severn a new Lock had been constructed with a large basin 
attached, which allowed of a steam tug and train of nine vessels at the 
same time : engines on board the cargo vessel, instead of towing with 
. detached tug vessels, are however recommended. 

With regard to the Gloucester and Berkeley Canal, instanced by 
Captain Garnault, Mr. Leader Williams showed what had been done 
with steam along a length of 16 miles without Locks. He adds that on 
the Weaver a length of 24 miles was divided into eight pounds, some 
as much as 6 miles, others only half that distance apart, that steam 
tugs had been tried upon them without success ; that although the Locks 
(100 by 23) had been doubled, the delay with steam tugs towing several 
barges was so serious and so interfered with the traffic that the plan 
had to be given up, and that to do away with this difficulty a third 
Lock, 200 feet long by 40 feet wide, to allow of its holding a tug and 
three barges, was about to be added for each pound. Again, on the 
Forth and Clyde navigation, though Captain Garnault speaks of steam 
haulage being used with great success, the fact is that it is not haulage 
at all but only steam carriage, the barges being fitted with a small steam 
engine and carrying their own cargo. 

On the Ashby -de-la-Zouche Canal, Mr. Pole says, some coal-owners 
thinking that it off'ered a good opportunity for the use of steam haulage 
(there being no Lock for a length of 30 miles) proposed to convey their 
coals in this way. 

On the Regents Canal (another of Captain Garnault^s examples) 
there was a 2-mile level at the bead of the canal, on which portion 
alone steam had been employed. 

It is said that on the Grand Junction Canal, where there were many 
Locks, great delay and loss must necessarily arise, and that on the Aire 
and Calder navigation the Company were devoting considerable expen«« 
diture to lengthen the Locks. 
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Finally, Mr. Ejeardmore, who will be acknowledged as a high 
authority, gives his opinion on the matter in the following terms ; — 

Steam navigation on the smaller Canals was full of diflSculties . . , 

. . . As a rule, the inland canals in this country might be taken as having 
a width at the top of about 45 feet and a depth not exceeding 5 feet, 
though generally not more than 4 feet, with a vast number of Locks in 
ihoir course, frequently only admitting boats 7 feet 6 inches in width, 
and 70 feet in length. If anything like trains with steam tugs were 
attempted, the loss of time in passing each vessel separately through the 
Locks was so great as practically to prevent the successful adoption of 
that mode of transit. From this delay and the difficulties offered by the 
resistance in the restricted waterway, all aUenipts to work hy steam trains 
in the canals in this country had failed. Steam trains had been tried 
on the Shropshire Union Canal with sufficient capital at command ; but 
the experiment was a failure from the difficulties encountered in passing, 
the Lo(‘ks, and getting through the shoal sections of the canal. The. 
same causes had operated against the success of steam towing on 
the Keimet and Avon, the Leeds and Liverpool, and many other canals. 

The Grand Junction Canal Company alone 
worked a portion of their traffic by 
steam traction.^^* 

I think it will be admitted that the above is pretty conclusive 
evidence against the employment of steam haulage on a canal on which 
there are many Locks ; and when Captain Garnault stated that the 
number of Locks on the Damoodah Canal is nothing compared to the 
number on many of the canals in England on which steam power has 
quite superseded the use of horses, he should, in common fairness, have 
pointed out the drawbacks in the way of the employment of steam-power 
for towing, to which canals under such conditions must be subject. 

Captain Garnault, in compliance with a requisition from the 
Government of India, has computed the probable cost of haulage on the 
canal, and has compared it with the Railway rates. The .only weak 
point, in his figures is the time he allows for a boat to travel up and 
down between Raneegunge and Calcutta, which appears to me to be 
considerably under-estimated. Colonel Rundall could have obtained 
more accurate information from actual observation on the Kendrapara 
Canal in Cuttack or on the Midnapore Canal which is open from 
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Oolooberiah to Panchkoorali. The cost of simple haulage on the canal is 
estimated by Captain Garnault at 1*06 pies per ton per mile, while that 
on the Railway is supposed by him to be from 3 to 4 pies. The compa- 
rison is not strictly correct. According to the best information available 
in the Railway Branch, the cost of haulage per ton of goods on the 
East Indian Railway amounts, it is true, to ^th of a pie per 
maund per mile, or about 3i pies per ton per mile ; but this does not 
.simply represent the cost of locomotive power, but includes the propor- 
tional charge for engineering, traffic, and general expenses as well. 
The above rate of 3^ pies corresponds very fairly with the actual ex- 
penses in working the Madras Railway, the only extensive line on 
which detailed accounts of the mileage of goods between different Stations 
are prepared. The accounts of that Railway, which are collated half- 
yearly, distribute the whole of the revenue expenditure over the differ- 
'ent items of traffic in proportion to the gross weight of each moved 
over one mile, and it is probable that a very high degree of accuracy is 
thus attained. The following are the results for the last five half-years 
for which the Revenue accounts have been received : — 


irerage load ou Expenditure per Average load on . Expenditure per 





Goods wagon. 

vehicle per mile. 

Goods wagon. 

veliicle per mile. 




South-West Line. 


North-West Line. 


1st 

half 

1867 ... 

3‘241 tons. 

9-88 

pies. 

2’467 tons. 

11-60 

pies. 

2nd 


„ ... 

2-599 „ 

10-29 


2-142 


10-82 

33 

Ist 


1868 ... 

8-093 „ 

12-38 


3-222 

3) 

11-12 

33 

2nd 


„ 

3-041 „ 

12-07 


3-133 

33 

16-36 

33 

1st 


1869 ... 

3-002 „ 

11-55 


2-453 

33 

12-07 

33 


The average total cost of conveying a ton of goods over one mile of 
the Madias Railway may thus be taken at about 4 pies. On the East 
Indian Railway the expense should be less, as it pays less for fuel, and 
its gradients are much more favorable : 3^ pies per ton per mile is thus 
likely to be pretty near the mark. The Railway charge for conveying 
coal from Raneegunge to Calcutta is 7 pies per ton per mile, the differ- 
ence 34 pies going to cover interest on capital and to yield a profit. 

Captain Garnault^s comparison seems to be all fair, except that he 
does not apparently allow any profit to the boat-owner, and that ho 
under-estimates the time which would be occupied in going up and 
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down the canal. The result he arrives at is that the cost per ton of 
coal would be Rupees 4-8 by rail and Rupees 2-2 by canal. I think 
the following would be more likely to be correct : — 

Boat^ 30 tons 

Monthly charge, Rupees 60, 

allow two trips per mensem, namely, four days down the 
canal, four days loading and unloading, and seven days 
up the canal. 

Cost of boat. Rupees 3,000, 

allow 15 per cent for interest and wear and tear : this comes 
to Rupees 450 per annum, or Rupees 18-12 for half a 
month. 


The cost of one trip would thus be— 

Charge of boat 

Mangles 

Toll 

Sundries, 10 per cent. 


Rs. As. P. 
18 12 0 
30 0 0 

30 0 0 

7 14 0 


Total ... 86 10 0 


or per ton, supposing the boat to return empty. Rupees 2-14. If wc 
suppose that the Railway profit is 8 annas per ton, and that a like 
profit is allowed the boat-owner, we should have Rupees 4 per ton by 
rail and Rupees 2-14 by boat without profit, or Rupees 4-8 and Rupees 
8-6, respectively, with profit ; the diiOPerence in favor of the canal being 
Rupees 1-2, instead of Rupees 2-6 as computed by Captain Garnault. 
The difference would be half a Rupee more if the toll were to be 8 
annas a ton, as the Government of India suggested, instead of the 1 
Rupee proposed by Colonel Rundall. 

If the Railway were to enter into competition with the canal and 
to reduce its rates to 5^ pies per ton per mile, the charge 'from Ranee- 
gunge to Howrah would be Rupees 3-7, or almost identical with the com- 
puted charge by boat with a Government toll at 1 Rupee per ton. 

On the Madras Delta Canals stone is conveyed by native boats at 
the rate of 4 pics per ton per mile. The toll levied is 1 Rupee per 
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ton per annum on the capacity of the boat, so tliat a boat of 30 tons 
making 24 trips in the year would pay only l-24th of a^ Rupee per ton 
of goods, that is, less than 1 anna. The above rate of 4*pies per ton 
per mile, or Rupees 2-8 per 120 miles, less 1 anna for toll, would agree 
very closely with the calculation I have made of probable charges on 
the Damoodah Canal, seeing that the latter, exclusive of toll, come 
to Rupees 2-6 per ton. 

I cannot say whether it would pay the Railway Company to reduce 
the charge for conveying coal to 5^ pies per ton per mile, or to what- 
ever rate might be necessary to give it the preference over the canal ; 
but, in connection with this point, I venture to quote some remarks 
* Appended. American report,* which caught 

my eye several years" ago, and which, 
as an acknowledgment by Railway officials of the injurious effects that 
had resulted from railways competing with canals, appeared to me 
particularly interesting and valuable. 

The provision for accommodation of establishment allowed in the 
estimates is, I think, on a moderate scale, much more moderate than 
has been allowed on the canals in Upper India generally, and ^lay there- 
fore be approved, with one or two slight modifications. 

With reference to the remark by Colonel Rundall in paragraph 18 
of his note, that he does not see the use of making a river em- 
bankment 6 feet high above flood level, when the masonry works were 
to be only 3 feet higher, I may explain that the height mentioned 
was recommended for the embankments near the head works of the 
canal, simply because the crest of an earthen bank is more liable than 
masonry to be worn down by the action of water, traffic of foot passen- 
gers, or by accidental causes. 

With regard to drainage, it may perhaps be unnecessary to compli- 
cate the canal question by insisting on its being combined with irriga- 
tion. As Mr. Adley is engaged in drawing up a project for the drain- 
age of the low-lying lands to the west of Hooghly, and as there seems 
to be a fair prospect of its being carried into execution at the expense 
of the land-owners, the matter, so far as the canal is concerned, might 
stand over Lr the present. The Commissioner of Burdwan, however. 
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in comparing the cajpial to a slight scratch across the country, for all 
the effect it will have in adding to the existing defects of drainage, has 
probably not calculated the quantity of water which the canal is intend- 
ed to distribute over the tract commanded by it. If the people take 
the canal water for their rice crops, they will take as much as they can 
get, which will be equivalent to an addition to the rainfall of 32 inches 
in 180 days over the computed area of irrigation, or 12^ inches over 
the whole area commanded, and of course the effect of this additional 
water on low lands already injuriously swamped would not be at all 
insignificant. 


Extract from Beport of Railroad Commission, State of New York, 
year ending 30^/^ September 1855, page XXII,, referred to in 
Colonel Anderson^s Note on the hamoodah Canal Project, 

An allusion has been made to the error so frequently committed 
in making large expenditures to secure through business, and for the 
consequent increase of equipment, depot facilities, steam-boat connec- 
tions, and aid to other railroads. It may be worth while to discuss 
these questions further. 

A considerable portion of this increase of business has been ob- 
tained at an unwarrantable expense, and is done at too low rates to be 
profitable ; while a large portion of the legitimate increase would have 
been received without effort on the part of the managers. 

The stock-holders and the public are continually informed of these 
large receipts of the increase on those of former years, and the prospects 
of future business, all of which, they are led to believe, can be done 
without any corresponding increase of expense •, but year by year they 
find that, with the realization of the full amount of the^ anticipated 
business, their net receipts are not only not increasing, but that mean- 
while their stock has been diluted or their property loaded down with 
funded or floating debts, incurred to secure this illegitimate business, 
and also, that the expenses of working the road have increased faster 
than the proportionate increase of business. 
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The opinions of i^he late State Engineer fu*e so opposite to these 
views that we cannot refrain from again extracting from bis last 
report. 

The charges for transportation have been reduced to the present 
low rates from a mistaken opinion that it was necessary to show to the 
public large receipts, to accomplish which it was necessary to enter into 
a competition with rival roads and water lines, which was carried to an 
* injurious extent in consequence of the fallacious statements of the ex- 
penses of transportation which the published reports exhibited. 

These reports, by exaggerating the net profits of the business, 
have prevented the managers, even when they discovered the error, from 
increasing their charges to compensating rates by the fear of public 
opinion and legislative interference. 

Upon any given line of railroad, there is a certain amount of 
travel and freight which would, in any event, be transported by it in 
preference to the water lines. 

In almost every case, the capacity of a well-equipped, single- 
tract road, provided with frequent passing places and a telegraph for 
its exclusive use, would be sufficient for the performance of this legiti- 
mate business, which, if economically conducted, would yield the maxi- 
mum profit which could be earned, and would, in most cases, be ample 
to assure either an immediate or an early profitable return for the invest- 
ment. 

To divert from other roads any of this class of business requires 
a reduction in the charges, which must necessarily be extended further 
than merely to that portion which is diverted, and as the rate of cost 
of doing the business cannot be materially diminished, this reduction 
in the charge is taken directly from the net profits, and it therefore re- 
quires a large increase of business to yield the same amount of profit 
as was afforded before any reduction in the charges was made. This 
reduction is sometimes continued until no profit whatever is realized. 

The rival road from which the business is thus diverted will soon 
reduce its charges for the purpose of reclaiming its business, and feel- 
ings of rivalry will thus be engendered which will continue the 

% s 
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^competition until tljie rates become so evidently unremunerative that 
conventions must be held to terminate the controversy and establish 
equitable pKces and conditions. Each Company will then only be restored 
to its original position with the disadvantage of having in the meantime 
persuaded the public that the lowest prices were sufficiently remune- 
rative. 

The alleged necessity of showing large receipts still exists ; and 
the attempts to maintain the business diverted from rival roads being 
abandoned, a competition with the water lines is commenced for the 
transportation of the heavy and cheap articles of freight, which can 
only be maintained by rates nearly if not quite as low as those charged 
upon the lakes, rivers, and canals, and too low, as will presently be 
shown, to give a fair remuneration to the railroad. 

If the cost of railroad transportation could be determined with 
tolerable accuracy by some disinterested and official authority, it would 
be a great step taken towards the correction of some of the most serious 
evils to which allusion has been made. 

The sophistry of the argument, that it is ever ^jhe true interest of 
the shareholders to increase receipts, by carrying any portion of the busi- 
ness under cost, is too palpable to merit discussion. The public will 
always look with distrust upon the management which maintains so 
fallacious a doctrine.^^ 


Despatch from the Government of India, to the Secretary of State for 
India, — (dated Simla, the lOth June 1870.) 

In our despatch No. 97 dated 29th June 1869 we had the 
honor of forwarding, for the information of Her Majesty^s Government, 
copies of reports on a proposed line of canal from the River Damoodah 
at Raneegunge to the Hooghly near Calcutta, and we mentioned that we 
had considered it necessary to call for more complete and detailed infor- 
mation on various points connected with the project before conveying 
our final approval of it. In reply, your Grace expressed a hope that no 
heavy expense would be incurred on certein preliminary operations which 
we had authorized until the project should haye been fully matured. ^ 
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2. We have now received from the Governjient of Bengal the 
additional information we had called for. Bevised plans and estimates 
have been drawn out, and have been submitted for our approval, accom- 
panied by a strong recommendation in favor of the project by His 
Honor the Lieutenant-Governor. The Commissioner of Burdwan and 
other Revenue Officers have also furnished reports which contain much 
interesting information regarding the condition of the agriculture of the 
districts affected by the scheme, and its wants with regard to irriga- 
tion, and your Grace will observe that their opinion is generally favorable 
to the canal. 

3. The Commissioner of Burdwan would appear to be not opposed 
to the levy of a compulsory rate for the water to be supplied for irriga- 
tion, since he says that “ if all the irrigable land within reach of the 
canal and its distributaries is made liable by law to a certain r^te for the 

. use of the water, the cultivators will gladly avail themselves of the cer- 
tainty thus given them, and the only dispute will be between them and 
the land-owners for their share of the profit.^^ These expressions are, 
however, somewhat ambiguous, and may possibly mean that the rate 
should only be paid if the water is used. The Collector of Hooghly does 
not think there would be any dem and for artificial irrigation for the rice 
crops in the low-lying lands, except for a short time in October and 
November, unless there should be a total or partial failure of the ordinary 
rains, in which case a plentiful supply of water at a critical time might 
no doubt save the whole crop from destruction. He adds that on some of 
the land a superfluity and not a want of water is the obstacle to growing 
other and more remunerative crops than rice upon it. He also seems 
to think that a good deal of drainage is wanted, and if this is carried 
out, he does not believe that the ryots would be so blind to their own 
interests as to neglect the certain means of increasing the profits if placed 
within their reach. Water would be gladly taken and paid for the irriga- 
tion of sugar-cane and garden produce of various kinds, which are at 
present irrigated by lifts from khalls or tanks. 

4. The Collector of Burdwan states that there is little fear of 
water stagnating in the low lands of his district as the fall of the sur- 
face is rapid^ and he believes that the means that would be afforded by 
th^ canal of converting the inferior classes of land into a higher class, and 
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of generally increasii^g* the produce^ would prevent the ryots from bein^ 
fi6 bigoted or blind to their own interests as to refuse to pay for canal 
water. An'^influential xemindar, who has been consulted in the matter^ 
gives evidence to much the same purport. 

6, In the Officiating Jnspector-GeneraFs Note on the former 
estimates, it was stated that the rice crops must be already raised by 
irrigation. It now appears that he was wrong in this point, having 
apparently been misled by a statement of the Collector of Hooghly, 
quoted by Captain Garnault in his report on the project, to the effect 
that he believed the area of land irrigated to be nearly equal to the area 
of the district. It is now explained that the rice crops are almost 
entirely dependent on the direct rainfall for their supply of water, and 
that this supply is frequently insufficient to produce a fall crop. In 
the past year, it is said that the outturn in the Burdwan district would 
not be above three-quarters of a full crop. 

6. On this point we may observe that we never doubted that irri- 
gaiion, especially if combined with a system of drainage, could be used 
with great advantage in these districts. What we doubted was, whe- 
ther the people would take the canal water regularly. The estimate of 
returns has been made on the assumption that the full value of the 
water will be realized every year, and, considering that even in this case 
the Government would have to wait a number of years before the canal 
could come into full operation, the computed receipts of 10 per cent on 
the outlay would not be much more than sufficient to make the under- 
taking really profitable, 

7. Great stress is laid by His Honor the Lieutenant-Governor on 
the fact that the Government of India has recognized the necessity 

for providing, as early as possible, any practicable means for protect- 
ing the population of Western Bengal from the effects of drought, which 
have been lelt with special severity during the last few years." Admit- 
ting this, we still are of opinion that the greater the necessity that 
exists for providing means of irrigation in view either to confer a direct 
advantage on a rich and populous district, or to avert loss from it, the 
stronger are the reasons for taking measures to prevent any pecuniary 
loss to Government, which may thereby be sustained, from falling on 
other districts in the form of increased taxation ; in other words, 
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consider it essential that irrigat^ion works should t^ennselves furnish the 
means of payi«g the interest of the borrowed money with which they 
are carried otit, 

8. Unfortunately we have few facts to lead us to any conclusions 
with regard to the opening available for artificial irrigation of a remu- 
nerative character in most of the Bengal districts. The works in 
Midnapore and Orissa, which, if allowance were made for the differ- 
ence of condition with regard to rainfall, would afford a fair standard 
for judging of the probable effect of a canal from the Damoodah, are 
still in a very early stage of development. Out of an area of nearly 
200,000 acres, which the distributaries that have been opened out 
from the new canals now give the means of irrigating, between 
22 and 28,000 acres only appear to have been irrigated in 1868. The 
Chief Engineer, in his report dated 20th September last, paragraph 
55, computes the area likely to be irrigated in the following year 
at about 50,000 acres. But we have not yet received the returns 
of the areas actually irrigated, and are not aware whether this expec- 
tation has been realized. We await the returns with great interest, 
and should it appear that the receipts of the past and, perhaps, also of 
the present year exhibit a progressive increase to the extent antici- 
pated by the local authorities, we should be encouraged to apply tlie 
results to the projected canal from the Damoodah, with such modifi- 
cations as the difference of rainfall in the two localities might 
seem to require. Ilut at present we regret that we have not sufficient 
grounds to warrant us in believing that the receipts from irrigation 
under the Damoodah Canal would reach the amount estimated by the 
Bengal Government, or that they would be sufficient to cover the 
interest on the capital outlay. 

9. And the conditions of the canal as a line of navigation have 
been considerably changed by a report we have recently received of the 
discovery of a good quality of coal at Midnapore. It would be prema- 
ture to draw any conclusions as to the probable results of this discovery; 
but should it lead to a coal field equal to that at Baneegunge being 
found at Midnapore or the neighbourhood, one of the principal objects 
for which the Damoodah Canal was originally taken up would no 
longer exist ; since, as the distance from Midnapore to Calcutta is 
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between 40 to 50 mil^s less than that from Raneegunge, merchants 
would bring coal to Calcutta by the former route in preference to the 
other. Moreover, the Midnapore Canal, which will afford a water 
communication with the Hooghly, is likely to be completed within two 
years from this date. 

10. If the canal from the Domoodah were adapted for irrigation 
only, the saving would not be so great as might be anticipated ; for 
the weir across the river, several expensive aqueducts and the first 60 
miles of the canal would be unaffected by the arrangement, except 
that the Locks would be omitted. But the total saving by cutting out 
these works, and the last 24 or 25 miles of main channel, would not at 
the most exceed 15 lakhs of Rupees (.£150,000), while the total amount 
of estimates now submitted is £515,000 (Rupees 51,49,700), which 
would be further increased by two lakhs (£20,000) if the Locks are 
made 150 feet long and 20 feet wide, instead ol 100 feet by 17 feet as 
proposed by the Engineers. 

11. Under these circumstances we have considered it nnadvisable 
to proceed further with the works in the canal without the express 
authority of Her Majesty^s Government, and we have accordingly 
requested the Bengal Government to suspend the operations which we 

sanctioned more than a year ago.* The 

* UGBpAitclx Xo. 07 dfttod Otti July 1869. i • . . jt t /* ityi i i . 

expenditure up to the end oi March last 
amounted to £5,096, and is not likely by this date to have reached 
£7,500. 

12. Perhaps your Grace, in consideration of the strong argu- 
ments advanced by His Honor the Lieutenant-Governor in favor of 
the present scheme, may think that it may be proceeded with without 
risk of financial failure or loss, either to the extent provided for in the 
estimates, or as an irrigation work only pending the result of the 
further enquiries now being instituted consequent on tlie discovery, as 
above-mentioned, of coal at Midnapore. But in our opinion it would be 
better to wait until the returns from the works already in operation in 
the Midnapore and Cuttack district are placed on a more secure basis 
than they can be said to be at present. 

13. With regard to the revised estimates now submitted, it is 
only necessary for us to explain that they are • generally in accordance 
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with the former orders or suggestions of the Cl^ovemment of India. 
Both the plans and estimates have been drawn up with much care, and 
we consider that Captain Garnault^s designs for the worsts, as well as 
his explanatory reports, mark him as an officer of distinguished ability. 


14. As above-mentioned, the estimates now received amount to 
£514,970 (Rupees 51,49,700). If Locks 150 feet by 20 feet are adopt- 
ed, this amount will be increased by two lakhs of Rupees (£20,000) ; 
and allowing 12 per cent for establishments, the total probable cost of 
the canal would be nearly £600,000. The returns, as computed by 
the Chief Engineer, are as follows : — 

Rupees. 

200,000 acres of rice at Rs. 1-8 ... ... 3,00,000 

64,000 „ cold weather crop at Rs. 3 ... 1,92,000 


Navigation, 

200.000 tons of coal at 1 Rupee 

100.000 „ stone-lime, &c., at 1 Rupee 

200.000 „ sundries ... 


4,92,000 


2,00,000 

1,00,000 

1,00,000 


4,00,000 


Total ... 8,92,000 


£89,200 


Deducting 5 per cent on prime cost for maintenance, which is per- 
haps a somewhat high rate, we should, according to the above calcula- 
tion, have a net return of 10 per cent on the outlay. 

15. We forward an abstract of the estimates for your G racers 
information, also the whole of the plans connected with the project. 
We have not thought it necessary to retain the latter until copies could 
be made, but these will be sent hereafter if required, if your Grace will 
be so good as to return the originals. 

Several points of a technical character have been noticed by our 
Officiating Inspector-General of Irrigation in his note on the estimates, 
and an extract is attached, to which we invite your Grace^s attention. 



( 328 ) 

^ { 

] 6. In conolusjion; we do ourselves the honor of forwarding a 
copy of the instructions we have issued with regard to the suspension 
of preliminary operations at the head of the canal, until the project 
should receive the sanction of Her Majesty^s Government. 


Extract paragraphs 1 to 3 of a Despatch from Secretary of State for 
Indiay to the Government of India^ No, 73, dated 14^A September 
1870 , — f received from Government of India y under date Novem^ 

ber 1870.; 

1. I have had before me in Council your Excellency's Despatch 
No. 76 of 10th June last, informing me that you have considered it 
unadvisable to proceed further with the project for a canal from the Da- 
moodah to the Hooghly without the express authority of Her 
Majesty^s Government, and tiiat you have accordingly ordered the 
operations, sanctioned more than a year ago, to be suspended, 

2. I approve of this decision, which seems to me to have been, 

in the circumstances reported, the only one at which you could have 
arrived consistently with the principles laid down by your Government for 
general guidance in the selection of Irrigation projects to be executed 
as Extraordinary^^ works with borrowed money. At present there 
are not, you say, sufficient grounds to warrant you in believing that 
the receipts from irrigation will suffice to cover the interest on the 
capital, while, with respect to receipts from navigation, it is quite 
possible that expectation as to these might be completely disappointed 
by competition of the Midnapore coal field and canal with those named 
after the Damoodah. ^ 

3. I cannot think, therefore, that the scheme under consideration 
could be proceeded with immediately without risk of serious financial 
loss. I join in opinion with your Excellency, that it will be wiser to 
wait until observation of the Irrigation and Navigation Works in 
operation in the Midnapore and Cuttack districts shall have afforded 
better means of judging what will be the probable effects of similar 
works in the country between Eaneegunge and Calcutta. 
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0 

24 ' 

1 2 

11 

10 

13 

3 

7 2 

9 

2 

6 11 

3 

9 

3 

7 


22nd 

0 

3 

0 

2 

0 11 

0 

3 

0 11 

13 

4 

112 

6 

10 6 

14 

0 

6 6 

3 

8 

3 

6 


23rd ■ • 

0 

S 

0 

2 

0 10 

0 

3 

1 4 

13 

2 

10 

2 

10 1 

11 

9 

6 8 

3 

7 

3 

5 


24th . . 1 


7 

0 

2 

1 e 

0 

3 

3 10 

11 

6 

9 

3 

10 3 

9 

7 

6 9 

3 

7 

3 

3 


25th 

0 

6 

0 

2 

0 8 

0 

3 

3 2 

9 

3 

’ 8 

0 

9 4 

7 11 

6 4 

3 

6 

3 

2 


26th » ■ 

0 

6 

0 

2 

0 7 

0 

3 

4 7 

7 

6 

11 

1 

9 0 

7 

2 

0 0 

3 

6 

3 

1 


27th 

, 0 

4 

0 

2 

0 6 

0 

14 

3 3 

8 

6 

10 

0 

7 10 

12 

0 

5 8 

3 

5 

3 

0 


2Bth 

0 

4 

0 

2 

0 6 

0 

04 

2 6 

0 

6 

9 

2 

6 8 

9 

0 

6 3 

3 

6 

3 

0 


29th 

0 

4 

... 


0 6 

0 

6 

2 4 

6 

3 

9 

1 

6 10 

7 

9 I 

6 i 

3 

4 

2 11 


30th 

0 

3 

... 


0 4 

0 

64 

6 4 

4 10 

8 

2 

7 6 

6 11 

11 4 

3 

4 

2 11 


31st 

0 

3 



0 4 

*f ■ 


8 6 



7 

,2 

6 2 

... 


10 4 



2 

10 



1 


1 


a 

1 


s 





8 



8 

§ 


1 




oo 

*g 




eo 

o 

s» 


0 

1 



1 


s' 



Q 

T 

0 



1 





o' 

r-l 


S 

»o 


I 

f 

eq 


I 


'"iT 

§ 



4 



I 

§1 


1 







0 " 



g 


§ 



I 



2*0 














r-I 





1 


1 

oS 








ill 


1862. 


Date. 

January, 

February, 

March. 

April, 


June. 

July. 1 

» 

t£ 

P 

◄ 

September. 

1 

i 

, 1 


40 

December. 

< 

M 

D 


Ft.In. 

Ft.In. 

Ft.In. 

Ft. In. 

Ft.In. 

Ft.In . 

Ft.In. 

Ft.In. 

Ft.In. 

Ft.In. 

Ft.In. 

Ft.In. 


1st 

3 

0 

2 

6 

1 

10 

1 

9 

2 

0 

1 

5 

8 

3 

6 

10 

10 

8 

6 

11 

6 

2 

4 

2 


2ud 

3 

0 

2 

6 

1 

10 

1 

9 

1 

11 

1 

4 

8 

0 

6 

4 

10 

0 

6 

0 

6 

0 

4 

2 


3rd 

3 

0 

2 

4 

1 

9 

1 

8 

2 

6 

1 

6 

9 

9 

5 

6 

8 

6 

6 

0 

5 11 

4 

2 


4th . 

3 

0 

2 

4 

1 

9 

I 

8 

2 

3 

1 

4 

10 

8 

6 

8 

7 

8 

6 

9 

6 

9 

4 

1 


6th 

2 

11 

2 

4 

1 

8 

1 

7 

2 

1 

1 

3 

8 

7 

7 

6 

7 

0 

7 

7 

6 

7 

4 

1 


6ih 

2 

11 

2 

3 

1 

8 

1 

7 

2 

6 

1 

3 

10 

6 

7 

1 

8 

3 

6 

6 

6 

0 

4 

1 


7th 

2 

10 

2 

3 

1 

8 

1 

6 

3 

4 

1 

2 

14 

1 

8 

0 

7 

7 

14 

9 

6 

4 

4 

1 


8th 

2 

10 

2 

3 

1 

8 

1 

8 

4 

8 

1 

2 

10 

2 

0 

8 

8 

5 

13 

6 

6 

3 

4 

0 


9th 

2 

10 

2 

3 

1 

7 


5 

3 

4 

1 

2 

9 

7 

6 

11 

6 

11 

11 

6 

6 

2 

4 

0 


LOth 

2 

10 

2 

2 

1 



5 

3 

2 

1 

1 

8 

4 

0 

10 

8 

0 

9 

3 

5 

1 

4 

0 


Llth 

2 

9 

2 

2 

2 

3 

1 

4 

6 

0 

1 

1 

8 

2 

10 

6 

B 

11 

7 

9 

5 

1 

4 

0 


I2th 

2 

9 

2 

2 

4 

11 

1 

4 

4 

0 

1 

1 

10 

8 

9 

0 

6 

0 

8 

3 

5 

0 

4 

0 


L3th 

2 

9 

2 

1 

4 

7 

1 

4 

3 

4 

1 

1 

14 

2 

7 

10 

7 

9 

9 

9 

6 

0 

4 

0 


L4th 

2 

9 

2 

1 

3 

9 

1 

3 

3 

1 

1 

1 

10 

10 

7 

3 

8 

6 

9 

8 

4 

11 

3 

11 


L6th 

2 

9 

2 

1 

3 

0 

1 

3 

2 

8 

3 

0 

14 

0 

9 

7 

8 

3 

10 

8 

4 

11 

3 

11 


LOth • 

2 

9 

2 

1 

3 

2 

1 

3 

2 

8 

2 

7 

11 

5 

8 

6 

7 

6 

9 10 

4 10 

3 

11 


L7th 

2 

9 

2 

1 

2 

* 

1 

2 

2 

6 

3 

3 

13 

9 

12 

6 

7 

10 

8 

3 

4 

8 

3 

11 


I8th 

2 

10 

2 

1 

2 

7 

1 

2 

2 

5 

4 

11 

12 10 

12 

9 

6 

7 

7 

0 

4 

7 

3 

n 


I9th 

3 

6 

2 

1 

2 

6 

1 

2 

2 

4 

14 

f> 

9 

8 

10 

6 

6 

0 

B 

0 

4 

0 

3 

11 


iOth 

3 

8 

2 

1 

2 

4 

1 

7 

2 

2 

12 

6 

7 

9 

8 

4 

0 

3 

6 10 

4 

6 

3 

11 


list 

3 

2 

2 

1 

2 


1 

[ 

7 

2 

4 

10 

0 

12 

6 

7 

3 

7 

7 

6 

7 

4 

6 

3 

10 


S2nd - 

2 

7 

2 

1 

2 

2 

1 1 

7 

2 

0 

8 

3 

11 

9 

8 

0 

5 

10 

5 

6 

4 

6 

3 

10 


i3rd 

2 

3 

2 

0 

2 

1 

* 1 

2 

1 

11 

1 ^ 

3 

7 

8 

8 

10 

5 

4 

7 

e 

4 

6 

3 

10 


S4th ■ • 

2 

0 

2 

0 J 

2 

0 

1 

1 

2 

5 

6 

7 

16 

0 

12 

8 

6 

6 

13 

4 

4 

4 

3 

10 


S5th 

2 

10 

2 

0 

1 

11 

1 

3 

2 

4 

7 

4 

11 

0 

16 

2 

6 

1 

11 

9 

4 

4 

3 

10 


iOth • « 

2 

9 

2 

0 

1 

10 

1 

2 

2 

1 

7 

2 

9 

3 

12 

6 

8 

6 

9 

9 

4 

3 

3 

10 


J7th - 

2 

8 

1 u 

1 

10 

1 

1 

2 

0 

11 

3 

13 

6 

13 

5 

8 

1 

8 

4 

4 

3 

3 

10 


i8th - ■ 

2 

7 

1 11 

1 

9 

1 

2 

1 

10 

8 

4 

11 

6 

11 

3 

10 

0 

7 

6 

4 

3 

3 

9 


29th 

2 

6 

•• 


1 

8 

1 

2 

1 

9 

7 

4 

12 

11 


8 

8 

2 

B n 

4 

2 

3 

n 

30th 

2 

6 



2 

0 

1 

3 

1 

7 

6 

9 

8 

6 

^14 

6 

7 

1 

6 

6 

4 

2 

3 

9 


list 

2 

6 

•• 


1 

11 


... 

1 

6 


... 

6 

0 

12 

6 


.. 

6 

4 

... 

3 

9 



1 

C30* 

CO* 

i 

1 


§ 

i 

to 

* 

>00‘ffil‘098 j 

i. 

eo 

1 

273,933,093,200 

218,700,055,600 

I 

1 

8 

1 

iC 


E 

I 


12,337,402,000 

972,579,796,400 
Cubic feet. 







IV 


1863. 


' t 

Datx. 

1 

•-S 

■1 

March. 

April. 

May. 

June. 

i 

August. 

September. 

October. 

November. 

December. 

Total. 

1st 



Ft.In. 
3 9 

Ft.In. 
3 5 

Ft.In. 
2 11 

Ft.In. 

2 1 

P't.In. 
2 1 

Ft.In. 
2 3 

Ft .In. 

0 0 

Ft.In. 
7 11 

Pt.In. 
6 9 

Ft.In. 
18 8 

Ft. In. 
4 7 

Ft.In. 
3 6 


2nd 



3 8 

3 

5 

2 11 

2 1 

2 0 

2 2 

13 3 

8 0 

5 

9 

16 3 

4 7 

3 

6 


3rd 



3 8 

3 

i 

2 10 

2 1 

2 0 

2 0 

9 

5 

8 6 

7 

2 

11 2 

4 6 

3 

6 


4th 



3 8 

3 

i 

2 10 

2 0 

1 11 

1 10 

9 8 

7 4 

6 10 

9 6 

4 6 

3 

5 


6th 



3 8 

3 

i 

2 

9 

2 0 

1 11 

1 8 

10 

7 

7 11 

7 

2 

8 9 

4 6 

3 

6 


6th 



3 8 

3 

i 

2 

9 

2 0 

1 11 

1 6 

11 

0 

13 0 

7 11 

9 6 

4 5 

3 

6 


7th 



3 7 

3 

3 

2 

8 

2 0 

1 10 

1 6 

13 

5 

9 9 

7 

4 

11 0 

4 4 

3 

4 


8th 



3 7 

3 

3 

2 

8 

1 11 

2 3 

2 0 

11 

6 

8 10 

6 

6 

12 9 

4 4 

3 

4 


6th 



3 7 

3 

3 

2 

7 

1 11 

3 0 

2 7 

9 

9 

7 9 

5 

6 

9 0 

4 3 

3 

4 


10th 



3 7 

3 

3 

2 

7 

1 11 

2 11 

2 8 

7 

7 

7 8 

4 

8 

8 .6 

4 3 

3 

4 


11th 



3 7 

3 

2 

2 

7 

1 11 

2 10 

6 1 

6 

2 

8 0 

4 

3 

7 9 

4 2 

3 

4 


12th 



3 7 

3 

2 

2 

6 

1 11 

2 9 

6 3 

6 

6 

7 5 

4 

0 

7 6 

4 2 

4 

3 


13th 



3 7 

3 

2 

2 

6 

1 11 

2 10 

9 2 

5 

6 

6 11 

3 10 

7 3 

4 3 

3 

8 


14th 



3 7 

3 

2 

2 

6 

1 11 

2 9 

8 6 

6 

0 

6 7 

3 11 

7 6 

4 1 

3 

3 


16th 



3 6 

3 

2 

2 

6 

1 11 

2 10 

7 0 

8 14 

6 8 

8 

0 

6 11 

4 1 

3 

8 


16th 



3 6 

3 

2 

2 

5 

1 11 

3 0 

13 6 

10 

6 

(} 3 

14 

7 

6 C 

4 0 

3 

8 


17th 



3 6 

3 

2 

2 

6 

1 10 

3 1 

9 6 

11 

0 

5 11 

10 

6 

6 3 

4 0 

3 

3 


18th 



3 7 

3 

2 

2 

5 

1. 10 

2 10 

7 9 

11 

2 

9 3 

9 

9 

6 0 

3 11 

3 

2 


J9th 



3 9 

3 

2 

2 

4 

3 6 

2 11 

6 1 

11 

5 

12 0 

8 

5 

5 10 

3 11 

3 

2 


2()th 



3 10 

3 

1 

2 

4 

3 6 

7 9 

6 4 

10 

9 

11 0 

7 

2 

5 8 

3 10 

3 

2 


21 Ht 



3 9 

3 

1 

2 

4 

3 2 

5 8 

5 6 

9 

3 

11 0 

6 

6 

6 0 

3 10 

3 

2 


22nd 



3 8 

3 

1 

2 

4 

3 0 

4 4 

4 11 

7 

6 

11 6 

6 

0 

5 5 

3 9 

3 

2 


23rd 



3 8 

3 

1 

2 

3 

2 10 

3 0 

8 0 

8 

3 

10 8 

7 

9 

5 4 

3 9 

3 

2 


24th 



3 7 

3 

1 

2 

3 

2 7 

3 6 

8 2 

7 

0 

8 7 

11 

7 

5 3 

3 8 

3 

2 


25th 



3 7 

3 

0 

2 

3 

2 C 

3 6 

1 10 

6 

1 

7 7 

16 

4 

5 2 

3 8 

3 

2 


20th 



3 7 

3 

0 

2 

3 

2 5 

3 5 

9 9 

1 

0 

0 7 

IG 

0 

6 1 

3 7 

3 

2 


27th 

m 


3 7 

3 

0 

2 

4 

2 4 

3 0 

3 2 

6 

2 

5 8 

13 

2 

5 0 

3 7 

3 



28th 

m 


3 6 

3 

0 

2 

4 

2 3 

2 10 

10 6 

7 

0 

5 3 

11 

8 

4 11 

3 7 

3 

1 


29th 



3 6 

.. 


2 

4 

2 2 

2 8 

8 3 

10 

0 

5 0 

9 

7 

4 10 

3 6 

3 

" 1 


30th 

m 


3 6 



2 

4 

2 1 

2 6 

8 2 

8 

2 

4 10 

9 

0 

4 9 

3 6 

3 

^ 1 


31 st 

m 

- 

3 5 



2 

1 

... 

2 6 

... 

8 

0 

4 6 



4 8 

... 

3 

' 1 





9,392,859, 20C 

i 

le 

1 

1 
©f • 

2,095, 837, eOC 

i 

00 

79, 017, 100, (KK 

i 

QC 

i 

1" 


1 

oT 

ec 

1 

* §§ 

s 

1 

©4 

§ 

(JO 

©f 

pH 

©f 

lO 

w 

i!5 

©i.S? 

CO 


V 


1864. 


Date. 

Januarj. 

February. 

1 


Pi 

« 

c 

a 

►o 


July. 

August, 

September. 

October. 

■ § 

• ;»• 
o 

December. 

Total. 

Ist 

Pt.In. 
3 1 

Pt.In. 
2 7 

Pt.In. 
2 5 

Pt.In, 
1 10 

Pt.In. 
1 4 

Pt.In. 
6 2 

Ft. fn. 
6 10 

Pt.In. 
11 8 

Pt.In. 
5 0 

Pt.In. 
5 10 

Pt.lii. 
3 9 

Pt.In. 
3 5 


2nd 

3 

1 

2 

9 

2 5 

1 10 

1 

4 

5 

7 

10 4 

9 

6 

5 6 

6 7 

3 8 

3 5 


3rd 

3 

0 

2 

9 

2 5 

1 

0 

1 

4 

5 

4 

8 C 

n 

6 

6 G 

6 3 

3 7 

3 5 


4tli 

3 

0 

2 

9 

2 6 

1 

0 

1 

3 

5 

9 

9 2 

13 

0 

G 4 

5 0 

3 7 

3 5 


5th 

3 

0 

2 

9 

2 6 

1 

8 

1 

n 

5 

9 

8 6 

In 

3 

6 0 

4 10 

4 0 

3 4 


6ih 

3 

0 

2 

9 

2 6 

1 

6 

1 

10 

4 

9 

6 9 

12 

9 

6 5 

4 11 

6 r» 

3 4 


7lh 

3 

0 

2 

9 

2 4 

1 

7 

1 

0 

4 

1 

5 9 

13 

3 

8 10 

4 9 

G 1 

3 4 


8th 

3 

0 

2 

9 

2 4 

1 

7 

1 

8 

3 

9 

7 3 

11 

10 

7 0 

4 9 

5 G 

3 4 


mh 

3 

0 

2 

8 

2 4 

1 

7 

1 

7 

3 

6 

5 n 

9 

8 

7 4 

4 8 

4 11 

3 4 


10th 

3 

0 

2 

8 

2 4 

1 

7 

1 

7 

3 

3 

5 8 

13 

9 

9 0 

4 7 

4 7 

3 4 


IHh 

2 

11 

2 

8 

2 3 

1 

6 

1 

0 

3 

3 

5 2 

10 

3 

17 G 

4 G 

4 G 

3 4 


*]2th 

2 

11 

2 

8 

2 5 

1 

6 

1 

8 

3 11 

5 1 

8 

10 

12 B 

5 6 

4 5 

3 4 


]3ih 

2 

11 

2 

8 

2 6 

1 

6 

1 

8 

3 

0 

4 7 

9 

0 

10 9 

G 5 

1 6 

3 3 


14th - 

2 

11 

3 

8 

2 4 

1 

6 

2 

6 

4 

0 

G 10 

8 

9 

7 8 

6 3 

4 4 

3 .3 


35th 

2 

11 

2 

8 

2 10 

1 

0 

3 

4 

4 

8 

9 11 

8 

8 

10 7 

5 4 

4 3 

3 3 


16th 

2 


3 

7 

2 11 

1 

7 

3 

3 

4 

1 

8 

8 

14 

n 7 

4 11 

4 2 

3 3 


17th - - j 

2 11 

2 

8 

2 9 

i 

7 

1 

4 

4 

8 

6 11 

7 

tl 

G 10 

1 10 

4 1 

3 3 


isth 

3 

11 

2 

8 

2 8 

1 

7 

1 

4 

5 

0 

(5 9 

0 

7 

8 t> 

4 G 

4 1 

3 3 


loth 

2 

11 

2 


2 7 

1 

7 

1 

4 

5 

0 

7 0 

6 

I 1 

8 (; 

4 5 

3 11 

3 3 


20th 

2 

11 

2 

0 

2 6 

1 

8 

1 

4 

!■ 

7 

8 3 

7 

5 

7 10 

4 4 

3 10 

3 3 


2lHt 

2 

11 

2 

8 

2 5 

1 

8 

2 

(> 

4 

.5 

14 0 ' 

0 

11 

8 2 

1 3 

3 9 

3 3 


22iid 

2 

11 

2 

7 

2 1 

1 

7 

1 

8 j 

1 


10 8 

7 

<) 

8 0 

1 4 2 

3 8 

3 3 


2‘{rd - 


11 

2 

7 

2 3 

1 

n 

2 

3 

t 

0 

9 8 

S 

2 

8 0 

4 1 

3 7 

3 2 


21th 


11 

2 

7 

2 2 

1 

c 

2 


5 

6 

8 11 

U 

0 

' 8 « 

4 0 

3 0 

3 2 


25th 

W 

10 

2 

« 

2 2 

1 

f; 

3 

2 

3 

5 

7 8 

9 

2 

7 3 

4 0 

3 (J 

3 2 


20lh 

2 

10 

2 

6 

2 1 

1 

5 

2 

11 

3 

6 

6 5 

7 

.5 

0 G 

3 It 

3 0 

3 2 


27th 

2 

10 

2 

0 

2 1 

1 

5 

2 

0 

4 

3 

12 0 

6 

8 

6 2 

3 10 

3 6 

3 2 


2Bth •• 

2 

10 

3 

6 

2 0 

1 

6 

2 

7 

4 

3 

9 0 

G 

0 

5 10 

3 9 

3 6 

3 2 


2i)th 

2 

10 

2 

6 

2 0 

1 

4 

2 

0 

C 

0 

8 3 

5 

7 

5 9 

3 8 

3 5 

3 2 


30tli 

2 10 

... 


1 11 

1 

4 

2 

8 

7 

8 

9 0 

5 

2 

G 1 

3 8 

3 6 

3 2 


31»t - 


10 

... 


1 11 



3 

9 



10 3 

5 

0 

... 

3 8 

... 

3 1 



3,346,272,400 

8 

8 

CO 


o 

8 

o 

04 

tC 

CO 


c© 

§ 

oT 

CO 

Oif 

o 

»o 


ccT 

i'- 

i> 

8 

1 

O 

irT 

a3 

rH 

1 

s 

f— * 

2“ 
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